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PREFACE. 

This work is designed to give a condensed and crystallised account of the 
science and practice of iron, steel, and brass founding in such a way that 
it may prove of the greatest benefit to all connected with the production 
of castings. The field is an extensive one, but so far as possible the authors 
have drawn from their combined experience gained under normal foundry 
conditions and under the conditions of experimental laboratories 'and works. 
Practically every operation described has been personally followed, and the 
spirit of the book will be found to reflect the experience of actual workers 
and not merely spectators. 

Although primarily intended for foundry managers and foremen, or those 
who aspire to such positions, the authors trust that their work may become 
as much the literary companion of moulders and apprentices during the time 
they devote to technical study as the tool-box is in their hours of moulding. 
Much of the matter should also be of interest and value to the engineer and 
designer as well as to the student of general metallurgy. 

Reliability throughout has been striven for, and the intimation of even 

\ seeming error detected by any thoughtful reader with a knowledge of foundry 

%, practice will be welcomed ; whilst suggestions from a similar source tending 

to increase the usefulness of a future edition will receive careful consideration. 

Wherever possible, acknowledgments have been made in the text. Our 

heartiest thanks are here tendered to Mr Arthur Simonson for his description 

v of the Tropenas process ; to the several manufacturers or their agents who 

^ have supplied blocks for figures 8 to 12, 43 to 45, 123 to 125, 127 to 130, 

V 132, 136, 169, 190, 191, 193, 194, 197, 199, 201, 203, 204, and 217; to the 

Iron and Steel Institute for 173, 175 to 177 ; to the West of Scotland Iron 

and Steel Institute for 236, 238 to 240 ; and to the Kditor of Page's Magazine 

^for 243, the last eleven being all from our own papers ; also to Mrs A. 
_ & William for preparing the index. 
^ A. M«\Y. 

^ 1\ L. 

Shkffikld, April 1907. 



CONTENTS. 



»:hap. 
I. Introduction, 
II. General Properties of Matter, . 

III. Moulding Sands, 

IV. Facing Sands and Facings, 
V. Foundry Tools, 

VI. Moulding Boxes, 

VII. Handling Material in the Foundry, 
VIII. Open Sand Moulding, 
IX. Cores, .... 

W X. KlEMENTARY ASPECTS OF MOULDING, 

XI. (t&ebx Sand Moulding, 

XII. Green Sand Moulding—Loose Pieces and Subdivision of 
Patterns —False Cores and Drawbacks — Moulding in 
Three-part Boxes— Coke Beds— Additions to Top Parts- 
stopping Off or Extending Patterns, 

XIII. Securing Cores in Moulds, 

XIV. Moulding from Guides. 

XV. BEfrCH, 0DD8IDE, AND PLATE MOULDING, . 

XVI. Machine Moulding, 
XVII. Dry Sand Moulding, 
XVIII. Loam Moulding, .... 

XIX. Chill Casting, .... 
XX. Casting on to Other Metals— Burning, 

XXI. WEIGHTING AND BINDING MOULDS, 

XXII. Shrinkage, Contraction, and Warping, 
\ XX I II. Dressing Castings, 
XXIV. Common Faults Due to Mould and Pattern, 

XXV. Malleable or Wrought Iron, Steel, Cast Iron, and Mallkaklk 

Cast Iron, 
XXVI. Cast Iron, . 

XX VII. Refractory Materials, 
/" XXVIII. Fuels and Furnaces, 

j XXIX. Mixing by Analysis — Influence of Kemelting — Working 
^^ the Cupola, 

^V,^ XXX. Further Treatment of Cast Iron, 

XXXI. High Temperature Measurement, 

XXXII. Steel, .... 

XXXIII. Notk8 on Metals other than Iron — Introductory to Alloys 

XXXIV. Alloys, .... 
XXXV. Mechanical Testing, 

XXXVI. Micrographic Analysis, 
XXXVIL Common Faults Due to the Metal, 
XXXVIII. Notes on Foundry Management, 
Index, .... 

vii 



PAGE 

1-3 
4-16 
17-21 
22-27 
28-41 
42-50 
51-59 
60-66 
67-78 
79-88 
84-91 



92-106 
107-114 
115-121 
122-129 
180-144 
146-158 
154-168 
169-175 
176 182 
188-186 
187-193 
194-199 
200-209 

210-213 
214-227 
228-234 
235-250 

251 -262 
263-270 
271-286 
287-309 
310-316 
317-328 
329-336 
387-354 
855-368 
369-375 
876-383 



GENERAL FOUNDRY PRACTICE. 



INTRODUCTION. 

The art of Founding baa been described as making t bole in the sand and 
tilling it with Snid metal. There in a simplicity and directness about the 
definition which entitle it to respect, ami leave it suitable for the genera] 

■ :i i'ir i In.- priirikvil mi in lilii' or founder looking fur help in his work 

ring in detail. Before proceeding to a more particular consideration 

. ■.-.:, it may be well to glance at its early history. Antiquaries eon- 

ihe art uus known before the days of written history. Cold 

Working probably preceded melting and easting; for example, meteoric iron 

ill nl surface deposits of copper may have been utilised l>\ roiiidily hammering 

tail' ■ In thi' di-n'iil sha|H-s. This stage may have been followed by that of 
Iqoefying the copper and casting it into linked clay moulds, for in many parts 
of the world Imtii cant ami hiiuiinei'cd weap.ii>. .>!' rngijicr have been found 
v. hiili are probably of similar ages. The addition of tin to copper may have 
bcetl made purposely, or the presence of the tin may have been due to the 
if copper ores containing tin. bul in either ease the product is the 

tal bronze. The general composition of this bronze is aboul 90 

opper to 10 of tin, and in later examples lead has been detected. 

Amii'iit Egyptian tools are reported to contain 12 per cent, of tin, whilst 

I Roman tools have h composition varying between 88 and 90 per 

Opper, 12 and 10 per cent, of tin, with traces of silver and nine, the 

|niihalih ni.'i'iilciital. An old writer, Theophilus, gives as a eonijmsi- 

. i ini't.-d. eopper euntaming one-fifth of its weight of tin, which, it is 

: to note, i» the British Admiralty sjieeiticrttioii for liell metal to-day. 

In England, according to Sir John Evans, the bronze period extended over 

...■> J centuries, and in all probability it had merged into the iron age a 

. before Cawnr's invasion of Britain. 

The,iii..i..'iit Egyptians were essentially- stone- workers, and it is claimed that 

1 1, 1 ili >\. il Here of hardened and tempered bronze ; it is further stated 

iti it the method of hardening bronze to the same degree is now a lost art. 

.lies further confirmation, for, considering the advanced state of 

i. prevalent in early Egyptian limes, it is not improbable that they 
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may have l>cen familiar with steel. Implements of bronze buried in the earth 
are fairly permanent, whilst those of steel or iron in the presence of air and 
moisture are rapidly rusted away ; therefore the relative scarcity of the latter 
in certain deposits is no criterion of the relative numbers in use during the 
time these deposits were being formed. It is also of interest that the first 
cores were of iron, namely, bronze liners cast round a small iron shaft. In" 
such a case the iron would be fairly permanent, and specimens so treated, 
dating from about 880 B.C., are now in the British Museum. The birth of 
cast-iron in Britain occurred between the years 1345 and 1355, and the first 
home of the new industry was in Sussex. Iron-founding was first practised in 
this country about the year 1500, and the first cast-iron cannons were made in 
1543, while by 1595 cannons weighing three tons each were made ; a record 
of progress illustrating alike the adaptability of cast-iron and the development 
of iron-founding. So far as this country was concerned, further progress was 
prevented by the limited supply of wood for conversion into charcoal, then the 
only suitable fuel available. In the seventeenth century, Dud Dudley success- 
fully prepared coke from the Staffordshire coal, and James I. granted a patent 
for the invention. The coke was used as a fuel in the blast furnace, and cast- 
iron obtained. Owing to certain troubles and misfortunes, Dudley relinquished 
his process, and not much progress was made until in 1713 Darby revived 
Dudley's process at Coalbrookdale. This was put on a commercial footing, with 
such success by the younger Darby that in 1790 there were 106 furnaces in 
blast, 81 using coke and 25 charcoal, the weekly output of the coke furnaces 
being 17 tons and of the charcoal furnaces 10 tons of pig-iron. The revolution- 
ary improvements in the steam-engine introduced by Watt in 1768 gave a 
further impetus to iron-founding, and from this the record is one of steady 
progress. The crucible process for the melting of steel (Huntsman of Sheffield, 
1740), the introduction of the Bessemer process (1856), and of the Siemens 
furnace (1S67), all had their effect in the steady advance of the foundry, and 
were each in their turn employed in the manufacture of steel castings, as is also 
the basic process (Thomas and (Gilchrist, 1878), at least when worked in the 
Siemens furnace. In more modem progress in the founding of metals and 
alloys, the improvement in green sand, dry sand, and loam moulding are note- 
worthy, castings of almost any size and form being made daily, although the 
advances in machine moulding fonn the greater feature. Progress in founding 
must not, however, be judged solely by the usual rule, " the extent of the adop- 
tion of labour-saving devices," and many writers err in this direction and label 
the whole foundry industry as retrograde, simply because they may l>e 
acquainted with a few foundries in which moulding machines are not extensively 
adopted. In many foundries not controlled by foundrymen, moulding machines 
have l>een installed under unsuitable conditions, and the result has been the 
locking up of the capital involved. The whole question is considered in 
Chapter XVI. ; but it may be mentioned here that the founders art seems 
recently to have come in for more than its fair share of amateur advice and 
sweeping adverse criticism from those who do not realise that each new form to 
be cast is a new problem, that each new set of requirements necessitates a metal 
of different properties, that the successful practical and technical founder must 
be an ever-alert and living man of good judgment, and that the business cannot 
be reduced to the employment of moulding machines, motors, and a card index. 
The experience of the authors gained on the moulding floor, at the melting 
furnace, and in the foundry and research laboratory, together with their 
reading on the subject, leads them to the conclusion that advances have been, 
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In the last twenty years information us (if the properties mid uses of metals 
and alloys has greatly increased, as is testified by the high tension lironzes, 
rile In'tter qualities of oust- and malleable i-sist iron, and the great development 
of steel castings. In the literature of the subject much valuable matter 
relating tn the scientific assets of founding has been published, but much 
also thiil is confusing and misleading, .so that the founder must be on the 
alert to winnow the eliiitl' from the grain and absorb the latter. The yOQDg 
moulder of to-day enters a splendid heritage, which, liowevp.'r, involves bi-di 
responsibilities, and Ins aim should be to continue the work of the past. 
Every moulder may liecomc a pioneer; and any real advance, however slight, 
will bring its own reward. 

Given an ambitious young moulder, what ought he to do in order to 
U'come thoroughly conversant with foundry practice 1 Naturally, the first 
essential is that of moulding, and the greater the amount of practice the 

bettor. It need hardly be stated that practice in moulding must In [uired 

foundry engaged in the production of commercial eastings. Further, 

moulding e\[ierk'i]ce should include, if possible, the three branches of given 
-and moulding, dry sand, and loam work. If, during his apprenticeship, the 

Wilder can obtain experience of these three branches, lie will be 
fortunate, and should eagerly seize every oppirtunity for acquiring it. Whilst 
undergoing this training bis evenings will be free, and these, during the winter 
ii'inUi'. should be devoted to study. Evening classes are now within reach 
of all foundries, and the iirst classes taken should lie elementary mathematics 
on] machine drawing. Some acquaintance with mathematics is necessary ; 
and whilst the ability to make a working -drawing is useful, it is absolutely 

essential that the student-i tlde.r should acquire facility in reading winking- 

Following these classes, the next in importance would heel. ulary 

■ chemistry, mechanics, and heat. These subjects are essential for 
their own sake and as a preliminary training previous to entering on the 
-inilv of metallurgy. In order that conditions may not be too severe, ihe 
young moulder might devote the tii-si time yais of In- apprenticeship to the 

Beta, and leave the winter evenings of the remaining four years for 
ifie study of metallurgical science. 

(Jure ii hal.it of study is acquired, the learner will work out his own path, 
and his training will have so increased his powers of observation that his 
daily experience will call for wider knowledge : when he has attained to this 
stage he may safely be left alone. It must not be forgotten that even si'ven 
■ prentices hip, with attendance at evening classes and home study, will 
b complete foundry man. Knowledge is not easily gained, and 
training is never complete. It may be thought that the outline here given is 

. for hi apprentice after doing a full day's work in the foundry. 

'.. it involves considerable strain, but the authors are advocating 

bed scheme. 




GENERAL PROPERTIES OF MATTER. 



Those who have had the benefit of ;i good grounding in Natural .Science mil 
jmism this chapter over, unless in so far as it may refresh their memories 
and perhaps he suggestive of application of their theoretical knowledge to 
their practical work. It is intended for the beginner, not only to show him 
the least he must study, if he would attain to the fullest development of 
scientific method in his present work and in the gradual attainment of his 
practical experience, but also, incidentally perhaps, to encourage him to begin 
the work by showing a few of the more obvious applications. In the future, 
such a chapter may, and mast probably will, In. 1 unnecessary ; but the wide 
experience of the authors leads them to insert it as at the present time 
desirable for the end they have in view, namely, to attract and help all who 
are thinkers and workers connected with the foundry. 

The number of different kinds of materials dealt with daily, even in foundry 
work, might well appal the beginner when he thinks of studying their properties 
and chemical composition. The chemist has found, however, that iill these 
substances, and, indeed, all substances examined, are composed of a com- 
paratively small number (70 odd) of kinds of matter, each of which has so far 
resisted all the applications of his skill and [xrseveraiice to break it up into 
two or more dissimilar bodies. These he calls elements, and of these only a 
small proportion need la' considered by the beginner ;is necessary for the study 
of everyday foundry work. Thus, slags and the non-metallic materials of 
construction are practically all made up of oxides (elements combined with 
the element oxygen), or combinations of oxides, mainly silica, alumina, oxides 
of iron, lime, magnesia, potofth, and soda. The metallic substances in the 
widest practice mainly consist of the metals iron, manganese, copper, zinc, tin, 
nickel, lead, aluminium, mercury, or alloys of these, with bismuth, antimony, 
arsenic, generally in smaller proportion, and more or less of the non-metallic 
substances carbon, silicon, sulphur, and phosphorus. The list of element* 
that need be considered is thus not so formidable, and, although their combin- 
ation,, iire practically infinite, this idea gives a foundation for studies on which 
may lie built up a useful structure of knowledge to any extent, and of any 
.' of detail, embracing the whole range of metals, socialising ill one 
re branches, but all on the same fundamental basis and with a remarkable 
uiilarity of menial treatment. Thus, the beginner may look forward to 
liHin:: to any extent his attainments and opportunities will permit, and, at 
whatever stage he may arrive, feel sure of acquiring not only useful knowledge 
1 power to record and take advantage of his own experience and 
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that of others, as expressed in con vernation, in books, or iu technical periodicals. 
A little knowledge is only dangerous when il is viewed out of proper perspective 
and assumed to be a complete knowledge to Ik; recklessly acted upon ; and the 
authors meet with oft-recurring evidence that all stages of well-arranged 
kiiiiwledge, if used with discretion to throw light on practical exjjerience, is 
duly and incivii-siiigly helpful ;,s tin 1 underlying scieueo of Lin; founder's art 

re and more clour. The real theoretical knowledge of the scientist 

is built on experiment, and his explanations or theories in all true scientific 
work are tested by further experiment The practical man constantly meets 
with difficulties in his work, mid he also must iu sonic way group the results 
of his former experience, seek in these for an explanation of the case, and, 
after thinking the matter over, devise u remedy, and put it to the test, — truly 
scientific work. The apparatus may often be cruder than that found in 
lal-iratories, but frequently used with a more subtle judgment of the special 

the ease. The man who combines a scientific training with a 
sulheiciiey of real practical experience is gradually, but surely, becoming 
the dominant type of industrial captain in the working departments 
i if the I ".-si equipped foundries. All youths looking forward to progress in 
inn ill v work in the future should study at least the rudiments of mathematics, 
particularly geometry and mensuration; physics, especially mechanics and 

i ■ it ; I iu'ieiiue chemistry in some of the elementary classes so liberally 

nrmuged in practically all towns having foundries. They will then be able to 
start their own special subject with the certainty of profitable work. It is 
liojied, then, that this chapter, unnecessary for those who have had preliminary 
tniodng, will help those who have not, to understand what follows and lead 
them to make a study of chemistry and physics, as many things must here 
be merely stated, whereas, in special works on the subject, they would be 
re iBOned out. Reverting to the elements, it has been found that when these 
combine with one another they always do so in definite proportions. Thus, 
iron filings and sulphur may be mixed in any proportion ; if heated to- 
gether they combine to form an entirely different substance, but always in 
the propirtion of 56 parts by weight of iron to 32 parts by weight of sulphur ; 
.iu' I, iev these conditions, in no other proportion, A natural mineral known 

■ . pyrites, the "brasses " of coal, is a compound of iron and sulphur, but iu 
the proportion of 56 of iron to 64 of sulphur, that is, double the proportion of 
sulphur. So the elements are found to combine in definite and, generally, 
also in multiple proportions. All this, and much more, led to the idea of the 

■ i lie..- theory, namely, that elements are composed of atoms of a definite 
■■. evjiit, that all the atoms of the same element are >>f the same weight, but the 
atonaa of different elements have different weights : hence each element lias its 
own atomic weight. Also the smallest portion of an clement, or of a compound 
tliut can exist in the free state, is called a molecule. The elements are for 
Convenience represented by symbols, as iron Fe, from its Latin name firru-m ; 
:t nd the atomic weight of iron being oil, the syiulsil Fe not only means an atom 
of iron but oil pa its by weight of iron ; and similarly S, the symbol for sulphur, 

■ ill. iu nf sulphur and 32 parts by weight of sulphur. It will now- 
readily be seen that the first compound of iron with sulphur would be written 
PflS . « bile the formula, as it is called, for pyrites would be FeS a , the small 2 
iridi'MtiriL! *-' atoms of sulphur. To represent what look place when the mixed 
iron and sulphur was heated till they combined, combining in definite propor- 
■ ■ M'etlug any portion iu excess, an equation is written thus:— Fe + S = 
K.S ; this equation means not only that iron and sulphur have combined to 
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form sulphide of iron, but also that 56 parts by weight of irou have combined 
with 32 parts by weight of sulphur to form (as matter is indestructible) 
56 + 32, or 88 parts by weight of sulphide of iron. More complicated examples 
might be given, but all rest on the expansion of this simple case ; and, although 
certain equations tell more than this, that need not trouble us at the present 
time. The symbol chosen is generally the first letter of the name of the 
element written as a capital ; and where there are two or more with the same 
initial letter, the most important takes the first letter and the others add a 
second distinguishing small letter. The commoner metals have taken their 
symbols from their Latin names. Thus, Carbon, C ; Chromium, Cr ; Copper 
(Cuprum), Cu ; Sulphur, S ; Tin (Stannum), Sn ; Antimony (Stibium), Sb. 



Selected Table of Symbols and Atomic Weights of Elements. 0= 16. 



Non-Metals. 



Hydrogen 

Carbon . 

Nitrogen 

Oxygen 

Silicon . 

Phosphorus 

Sulphur 

Arsenic 

Selenium 

Tellurium 



H 


1-0 


C 


120 


N 


UO 





160 


Si 


28*4 


p 


31-0 


s 


321 


As 


750 


Se 


79-2 


Tc 


127-6 



Metals. 



Aluminium 

Antimony 

Barium 

Bismuth 

Cadmium 

Calcium 

Chromium 



Al 
Sb 
Ba 
Bi 
Cd 
Ca 
Cr 



27-1 
120-2 
137-4 
208-5 
112-4 
40*1 
521 



Copper 

Gold . 

Iridium 

Iron 

Lead . 

Magnesium . 

Manganese . 

Mercurv 

Molybdenum 

Nickel . 

Palladium 

Platinum 

Potassium . 

Rhodium 

Silver . 

Sodium 

Tin . 

Titanium 

Tungsten 

Uranium 

Vanadium 

Zinc 



Cu 


63-6 


Au 


197-2 


Ir 


1930 


Fe 


55-9 


Pb 


206-9 


Mg 


24-4 


Mn 


550 


Hg 


2000 


Mo 


960 


Ni 


58-7 


Pd 


106-5 


Pt 


194-8 


K 


39*2 


Rh 


103-0 


Ag 


107-9 


Na 


231 


Sn 


1190 


Ti 


48-1 


W 


184*0 


U 


238-5 


V 


51-2 


Zn 


65-4 



The elements in the table are classed as metals and non-metals, or the latter 
are sometimes called metalloids (like metals). This classification is convenient, 
but, like most others, there is no distinct line between the classes, as they 
merge into one another ; arsenic, for example, sometimes acting as a metal 
and sometimes as a non-metal. The more obvious physical properties 
associated with the metals are familiar to all, such as their high lustre and 
their high conductivity of heat and electricity ; but, as they also have certain 
well-defined chemical habits, the chemist extends the meaning to other 
elements having similar properties. Thus, when compounds of a metal with 
a non-metal are decomposed by a current of electricity, the metal always 
passes with the current or goes to the negative pole and is spoken of as the 
electro-positive element. Metals combined with oxygen generally form 
what arc known as basic oxides, while the non-metals as a rule form acid 
oxides ; the only feature we need consider in connection with these two is 
that acid oxides combine with basic oxides to form neutral substances known 
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Thus, Bulphur combines with oxygen in two ways: Eta sulphur 
dioxide, so.., when sulphur burns in air, or, hy sjiecial moans, forms sulphur 
trioaide, SO r These are acid oxides ; and when combined with rater, HjO, 

form sulphurous acid, H„S0 3 , and sulphuric acid, H.^Sl',, respectively. \ r.:.l 

■ '■■■ l}y.' hydrogen in tilt' acid, .'mil fol'ii] •■< salt ; thus, iron 



F: + M/;\. = FeS:.+ H.. 



Fe+lf.,sn ■= FbS0.4-H» 



\ tal combined with a non-metal lias it name ending ill i'lr-. with a in 

'i.i til h.i nl ')\\x'i.-n in /■ . with tli>' lower [lroporti I oxygen in He, and with 

■■ in ate Thus, FeS. I-Vsi >.., l-vsti, ar- n'sjx.'i -lively nilphide of iron, 

-nlj. Int.- of icon, anil sulphate il iron. The acids may be looked lipOB U I 

l.iiiati F water and the oxide ; thus, 1 1. S< ►., or ir.O.Sn... and IFSt^. or 

licnee, tla' Si t. and St > a lieing complete acids, minus tin; water, are 
strictly not arid.-, but anhydrides (without water). In the high temperatures 
nf metallurgy, where tin' water seldom has any part to play in the oombfna- 
tiou.s, a little more freed is used ; and, although H,Si< t, or 2H s O,SiO, i- 

sili.ii; arid, we seldom i|K.vtk of Sill, as silicic anhydride. Unless t" elii]ilia.sise 
s,, t oe Bpeeia] point, and, as with other very union things, generally ivlVi lo 

■ older name of silica. Not only does the nature of the acid control one 

part of the name of the -alt. bill the nature of the hasie oxide may also decide 
[nation of the other part. Thus there are two oxides "f iron. Fell ;ui-\ 
{■■'.' >.., either of which may lie called oxide of iron, but, to distinguish between 
tla in. tbe name of tbe one with the greater proportion of metal ends in "«* 
mil the other in ir; hence, IV'J represents ferrous oxide and FejD, ferric 
oxide ; while a third, the black .a magnetic oxide, is a eouiliillation ..f these two, 

being Fell.FeJ),., mi Ki-,1),. In considering coin] nisi lions of slugs, bricks, etc, in 

i alrj work, it i* usual to think of the liodies in the second way shown for 

walls, namely, less its substitutions of metal for the hydrogen in acids than an 
combinations nf arid and hasie oxides. Thus, H,SiU 4 represents silicic acid . 
substituting Fe„ for H,, we have 1-V.SjU,, which is one way of looking at the 
ii of ferrous silicate; hut, as it is generally formed at high 
temperatures, it is usually thought of as iM-Vu.Sit >._.. that is, us two molecules 
of ferrous oxide combined with one ■>! silica, and hence is known as ferrous 
. prominent- constituent of the slags of the cupola furnace, the 

■i i unverter, and the Siemens furnace, also of tbe Mack scouring slags 
"i" the ordinary blast furnace when producing white cast-iron. The chemical 
affinity, or the firmness of the grip that these substances have on one another, 
', much, some being much more stable than others; and, given 
suitable conditions, a metal that would form a more stable compound with a 
mm metal will replace it in the compound. We have spoken already of 
l.-i rOUfl sulphide. FeS, which, if present as an impurity, is retained by iron when 
in tie 1 liquid state, and forms a very dangerous structure: in tbe metal when 
i i. Id . I. lit if manganese be added, inangauolls sulphide, which is not nearly so 
dangerous, will be formed, and iron liberated, thus: — FeS + Mn = MnS + Fe. 
i'ln- reaction also forms the basis of the Masseue/. desulphurising process of 
i ro- manganese to cast-iron in a metal mixer, for the sulphide of iron 
l- b'M by the molten east-iron, whereas the sulphide of manganese thus 

gradually rises to the surface uf the metal. Similarly the metal bath 

.■it tl nd of a Siemens heat or a Bessemer blow is charged with ferrous 

"ii'le. which dissolves in the iron ami makes it ipiite unforgcalile ; hut the 

li' 'i igain evicts the iron from its oxide and forms nianganous 

oxide l' 11 » - Mil - Mn<)+ Fe : as the oxide is insoluble in the iron, it gradually 
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floats to the top, where it is taken up by the slag, forming i 
BQfefttfl, -J.MiL<i4-Sin 2 = 2MnO,SiOj. 

The normal carbide of iron is represented by Fe g C, and is found in fine 
plates in the pearlitc of mild steels. If, however, these steels contain 1 per 
cent, of manganese, the nature of the pearlitt' is changed, must proliably by the 
substitution of some carbide of manganese (Mn a C) for an equal number of 
molecules of the iron carbide. " Most probably " may sound a strange phrase 
to the beginner who lias heard of science n exact knowledge, but snmoe n 
only organised knowledge as exact as we can get it, with continual striving 
after more accuracy In whnt we know and the unfolding of new discoveries ; 
the former is illustrated by the enormous amount of work done since 1890 tit 
get more reliable Iked jm >iibts for high temperature measurements: the Iftttex 
by the wonderful properties of Hadtield's manganese steels, steels with high 
nickel contents, and other special steels. 

Chemistry, then, concerns itself with the composition of substances and 
with their reactions on one another, the changes taking place being generally 
very marked. Physics, on the other baud, although in its widest sense it 
includes chemistry, is generally restricted to the study of (I.) Dynamics, or the 
laws of forte and the relations which exist between force, mass, and velocity, 
under the three heads Mechnuics, Hydrodynamics, and I'ucumatics, or the study 
of those laws applied resjiectively to solids, liquids, and gases; (II.) Sound; 
(III.) Light; (IV.) Heat; (V.) Magnetism and Electricity, under which heads 
combined we may be said to study the general pru|.ertics of matter. 

Dynamics deals with force, mass, and velocity, force being defined as that 
which moves or tends to impart motion to a body at rest or change of motion 
toa moving body. It is generally stated in terms of units of weight as lbs. or 
kilograms. When a body free to move is acted on by forces which do not move 
it, the forces are said to be in equilibrium ; while, if the forces are not in 
equilibrium, the body is moved. The division called Statics treats uf the former 
and Kinetics of the latter. One of the first points of importance that has con- 
stantly to be dealt with in practice is that then is never only one force but 
that every action has a reaction equal and upposite. Ally number of parallel 
forces acting on a Imdy can be replaced by one force known as the resultant, it' 
applied at u certain point ; and in the cases of the parallel forces of gravity- 
acting on each particle of a body, the resultant force is the weight of the bodj 
and its point of application the centre of gravity of the body. This centre of 
gravity is an important point, for it always tends to descend; that is, to 
approach the centre of gravity of the attracting body ; if in any structure 
the direction of gravitation falls outside the base, the structure tends to 
fall ; also, if the base lie small compared with the height, instability may- 
arise with a small angle of movement ; all of which may seem self-evident, 
but the neglect to give it adequate consideration has resulted in many an 
accident. 

The principle of work is, perhaps, the most widely used in everyday 
simple problems. Work is defined as the power exerted in overcoming a force 
through a distance, as, for example, in lifting a weight against gravity, and is 
measured in foot-pounds, found by multiplying the number of pounds carried 
by the number of feet they are raised. In any system, neglecting frii i lend 
losses (where work is converted into heat and dissipated), the work put into 
the system is equal to the work given out by the system. Tins simplifies the 
OOnaidentJOO of all the mechanical powers, the lever, the wheel and axle, tlir 
pulley, the inclined plane, the wedge and the sorew. Thus, for example, a 
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Uix-k am] tackle to lift one ton is so arranged that tin: hand chain moves ( 
I. , - uliilt- tin- weight moves 1'J foot ; UiL'ii, negleetiug friction louses, the force 

requited on the chain x60 = l ton* 2J .'. force on chain — — 
93J lbs., find the mechanical advantage is ^ or 24. 

BuergJ is a term continually in use, and is defined as the power of doing 
work. The energy stored up in a body in motion is called kinetic energy, or 
ill' "i.-r:i nf mi >t ion. When a l>ody at rest lias the power of doing work it is 
said to have potential energy. Tims a Italy of weight 1 ton, 10 feet from the 
ground, could do 22,400 toot-lbs. in Calling to the ground. Energy may be 
changed from one tonn into another, static or potential into kinetic, kinetic 
into heat ; but the total cannot be increased or diminished. This is known as 
the principle of the conservation of energy. All bodies have their dimensions 
more or less changed liv the action of a lurri'. ami the proper! ) whereby ihcy 
tend to recover their original dimensions is known as elasticity. If the force 
lie gradually increased, there comes a point at which the applied force and the 
maximum elastic force of the body are equal. An increase in the applied 
force will produce permanent set, and the limit of elasticity is said to he 
reached, a point of great moment in mechanical testing and in determining 
tin purpose for which a metal is fitted. It is practically universally agreed 
that the applied force shall lie called a stress, and the deformation produced a 
strain; words which, though highly technical, conform to the everyday non- 
technical use of the terms, so that the phrase " breaking strain," at one time 
seen on test sheets, and given in tons per square inch, generally referred to 
omtiinitui stress ; but to show the persistence of emir, this serious mistake in 
■■ ■"Hid all through a very important recent [taper given by scientific 
in.. 'ii to the Institution of Mechanical Engineers. 

Friction. — When two bodies are pressed together, so that the pressure is 
not at right singles to the surface of contact, the pressure can lie resolved into 
two, one at right angles and one tangential to the surface. The latter is 
known as the force of friction, and the relation between the latter and the 
l.ouM-i is called the eoellicient of friction, which is nearly a constant for the 
i" ices as the force of friction is nearly proportional to the normal force. 
Wlieu a body rests on a plane, and the plane is inclined until the ImkIv ["'gin- 
|.. -lull', tlic single that the inclined plane makes with the horizontal is called 
iii limiting angle of friction, or the angle of repose for the two surfaces, an 
in of importance in practice. The tangent of this angle is equal to 
fficient of friction. 
Hydrostatics. - The laws of force applied to liquids is known as tin' 
science of hydrodynamics, of which hydrostatics is one branch and hydro- 
mother. A fluid, either a liquid or a gas, at rest can exert no friction : 
lint all Suids in motion exert a slight tangential or frictions! force, and this 
i- expressed by saying that all fluids are more or less viscous. The intensity 
..I pressure at any point in a fluid is the same in sill directions, and is also the 
same at all points at the same level beneath the surface of a liquid sit rest, and 
urc on any horizontal surface is exactly equal to the weight of a 

\ i 'In i f the liquid represented by the area of the surface multiplied by the 

• l.pih below tic level of the surface of the liquid, mid this holds good whether 

rln' actual weight of the liquid be there or not. Tims the pressure on the 

bottom of a cylinder full of water to a depth of 3 feet is exactly the same si- 

ure on the bottom of a cylinder of the same diameter I foot in depth, 



10 



GENERAL FOUNDRY PRACTICE 






15 



with a continuation pipe carried 2 feet higher up and the whole filled with 

water, a fact taken advantage of in testing certain boilers. 

This point requires careful consideration with regard to the weighting of 

moulds, and is of interest in understanding the 

n_ usual ingenious pressure gauge for measuring 

IM — I the pressure of the blast delivered to cupolas. 

The instrument is shown in section in fig. 1. 
The rubber tube connects the blast main to the 
small brass cylinder, so that the pressure of the 
blast is exerted on the surface of the water in 
the cylinder, and forces the water up in the 
glass tube till the difference in height between 
the two levels balances and therefore produces 
a pressure equal to the pressure of the blast. 
1 cubic inch of water weighs 0*03612 lb., or 
0*578 oz. ; 12 inches of water in height will 
therefore produce a pressure of 12 x *578, or 

6 no/* i i A *•> menes 

•y<5o ozs. per square inch, and 



14 



13 



12 



II 



10 



8 



6*936 



or 



1*73 inch in height corresponds to a pressure 
of 1 oz. per square inch. In the gauge, how- 
ever, as the water rises in the glass tube it 
falls in the brass cylinder ; and as it would be 
extremely inconvenient always to have to 
measure the difference between the levels, the 
diameter of the cylinder is so arranged with 
regard to the diameter of the bore of the glass 
tube that when the water falls 0*23 inch in the 
cylinder it shall rise 1*5 inches in the gauge 
glass, so that a scale of equal parts, each part 
li inch long, shall represent ozs. per square 
inch of blast pressure. For this to follow, the 
area of the brass cylinder must be to the area 
of the bore of the glass tube as 1*5 to 0*23, 
or as 6*5 to 1, and the diameters of the two 
t as ^6*5 to ^1, or as 2*55 to 1. Hence, if the 
3 glass tube be of T \-inch bore, the inside 
diameter of the brass cylinder must be ^ inch 
x 2*55, or practically {£ inch. As another 
example of fluid pressure, take the case of a 
steel casting, the top surface of which is 5 feet 
9 inches long and 18 inches broad, and suppose 
that the runner is to be filled to a level of 
12 inches above the top of the casting, and 
that there are two risers, each 6 inches square. 
As there can be no upward pressure where the 
risers are, the total upward pressure on the top 
part of the mould will be equal to the weight 
of molten metal that would be contained in the 
space represented by the total area of the top of the casting, less the area of 
the risers, and to a depth equal to the head of metal in the runner, or 
(69 inches x 18 inches -2x6 inches x 6 inches) x 12 = (1242 - 72) x 12 = 



To Blast Main 



I 




Fig. 1. — Pressure Gtfuge. 
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14,040 cubic inches of metal ; and taking the hot metal roughly at 4 cubic 
inches to the- lb., then 14,040 cubic inches = 14 -°i-?, or 3510 lbs., or 1 ton 

1 1 cwts. and 38 lbs. ; and at least this weight, including the weight of the 
top part, will be required to hold the top part down. 

When a body is immersed in a liquid it displaces its own volume of the 
liquid ; hence the weight of this liquid, by its tendency to regain its position, 
may be considered to be pressing the body upwards ; and then its lass in weight, 
when immersed in the liquid, is exactly equal to the weight of its own bulk of 
the liquid. A familiar example of the case where the body is lighter than 
the liquid, and the upward pressure will therefore float it, is found in the case 
of cores, which, unless held down, are raised by the liquid metal and float on 
the surface. In determining the specific gravity of a body, or its weight 
compared with the weight of an equal bulk of water as a standard, it is only 
necessary to weigh the body in air, then weigh it in water, and the specific 

.. the weight in air mi , . - r . _ 

gravity = - — -. — "-- Thus, a certain piece of limestone 

the loss of weight m water, 
weighs in air 13 lbs. 4 ozs., whilst it weighs in water only 8 lbs. 7 ozs. .*. The 

• ~ •* r i.u v * 13 lbs. 4 ozs. 212 ozs. . 7 ~ 

specific gravity of the limestone = — - — „ = - mm — = - 7o. 

r & J 13 lbs. 4 ozs - 8 lbs. 7 ozs. 77 ozs. 

With vessels in communication, liquids tend to find their own level ; 
hence the necessity in open sand moulding to obtain a perfectly level bed if 
a uniform depth of metal is required in the mould. Further, if it is desired 
to run metal through a mould by means of an overflow on the riser, care 
must be taken to see that the runner is at a higher level than the riser. 

Capillarity. — The surface of a liquid at rest is a horizontal plane, and the 
liquid in vessels in communication finds its own level. That is not exactly 
the case when the diameter of one or more of the vessels is comparable to 
that of a hair and known as capillary. In that case, if the liquid " touches " 
or " wets " the vessel, as with water and glass, the height will be greater in 
the capillary than in the other vessels ; and if the liquid does not " touch," 
as with molten cast-iron and a sand mould, the height would be less. Also, 
in the former case, near the sides, the liquid will be higher up in the vessel, 
and in the latter it will be slightly curved downward, a point that is clearly 
seen in the nature of the edges of an open sand casting where the surface is 
free, the corners of a similar closed casting being sharp, only because the 
liquid is forced up to the square by the pressure of the " head " of the molten 
metal above. 

Pneumatics. — Gases have many properties in common with liquids, and 
many essentially different. Like liquids, they transmit pressure in all direc- 
tions ; but, unlike liquids, they always tend to expand ; they completely fill 
the vessel that contains them, and, however small the quantity of gas, it 
exerta pressure on all sides of the vessel. Also, for a given quantity of gas 
at a given pressure, if the pressure be increased the volume will be less ; in 
fact, if the temperature remain constant, for a given quantity of gas the 
pressure varies inversely as the volume. P being the pressure and V the 
corresponding volume, P' the new pressure and V the new volume, PV = P'V 

P V 

or F"v" 

Heat. — Heat, cold, and temperature are terms so well known that they 
hardly need explanation, but the measurement of temperature is one of 
the most important matters of the day. With very few exceptions, bodies 
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expand as their temperature rises and contract as it falls ; the expansion of 
the liquid metal mercury in a glass vessel is one of the commonest means 
used for measuring temperatures below the boiling-point of mercury. Two 
fixed points are necessary for the formation of a scale, and these are the melt- 
ing-point of pure ice and the boiling-point of pure water at normal atmos- 
pheric pressure. In the Celsius or Centigrade scale, the former is indicated 
by zero, or 0° C, and the latter by 100° C., and the space between is divided 
into 100 equal parts ; in the Fahrenheit scale, the melting-point of ice cor- 
responds with 32° F. on the scale, and the boiling-point with 212° F., the 
intermediate portion being divided into 180 equal parts. The Fahrenheit 
degree is therefore J§£, or £ the size of the Centigrade, and thus : — 

(T°C. x £) + 32 = *F. and (TV. - 32) x £ = °C. 

For the measuring of temperatures higher than the mercurial thermometer 
will bear, instruments called pyrometers are used ; but, as this subject is of 
such immense importance, a special chapter is devoted to it, and so the 
matter will not be further discussed here. In a special table the coefficient 
of linear expansion, that is, the expansion of unit length for 1* C. for several 
metals is given, and the coefficient of superficial expansion may be taken as 
double and the coefficient of cubical expansion as three times the linear. For 
if the original length be 1 and the new length 1 +/, (1 +Z) 2 will be the new 
area and (1 + /) 2 =1 + 2/ + / 2 . Now, / is always small, say t^J^, hence I 2 
or Yff.Vrnr of this again will be negligible, 1 + 21 will be the area, and hence 
the coefficient of superficial expansion is practically double the I inear. Similarly 
as (1 + I) 3 = 1 + 3/ + 3 J 2 + I 3 and 3 J 2 + 1 3 are negligible, the coefficient of cubical 
expansion is practically three times the linear. Two curious exceptions to the 
rule of contraction in volume on cooling we find in bismuth, which expands on 
solidifying ; and water, which contracts from 100° C. to 4° C, then slowly 
expands till 0° C. is reached, when it freezes with a considerable expansion, and 
then below 0* C, as ice, it contracts like an ordinary solid, an important 
exception in the economy of nature. Another exceptional case is the alloy 
" Invar," iron alloyed with 36 per cent, of nickel, which contracts and expands 
so little with the extremes of temperature found on the surface of the globe 
that a wire of it, 24 metres long, may be used in surveys of the surface of 
the earth practically without temperature corrections. 

A given quantity of gas at constant pressure expands about ^^ of its 
volume at 0° C. for every degree rise in temperature, and also contracts 
^yu for every degree fall in temperature. If this held good, absolutely, 
then, at - 273° C. all gases would be reduced to no volume, and this 
theoretical temperature is known as the absolute zero, so that absolute 
temperatures are found by adding 273 to the number of degrees C. If P, V, 
and T be the pressure volume and absolute temperature of a gas, and P p V v 
and Tj a second series of the same quantity of gas, then all relationships 

PV P V 

between them can be worked out from the equation - — = *— l . 

Quantity of Heat. — The first essential in measuring a quantity is clearly 
to define the unit. The scale for the measurement of temperature may be 
somewhat arbitrary, but the unit of quantity is quite definite. There are 
several units in general use, but in Britain it is generally that quantity of 
heat that would raise 1 lb. of cold water 1* F., which is known as the British 
Thermal Unit, or B.T.U. ; while the other units are the calorie, that is, the 
quantity of heat required to raise 1 gram of water 1° C, and the large or 
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kilogram calorie, where the kilogram is the uuit instead of the gram. The 
B.T.U. would raise 1 lb. of mercury about 30* F. : hence the specific heat, or, 
more elaborately, the specific thermal capacity of mercury, is ^ that of water, 
or, more accurately, 0*032, as in the table on p. 316, where it should be noted 
that while aluminium stands at 0*212, iron is only 0*11. 

Most solid bodies, including practically all the metals, when raised to a 
sufficiently high temperture, become liquid ; and this change of state, spoken 
of as melting or fusion, must be clearly distinguished from dissolving or a 
change from solid to liquid produced by the action of a solvent, as when salt 
dissolves in water. If a piece of solid metal, such as lead, be put under the 
influence of a source of heat, as over a bunsen burner or in a small furnace, the 
metal absorbs heat, and its temperature rises imtil at a temperature of 327° C. 
the metal begins to melt ; and if the solid and liquid portion be kept thoroughly 
mixed, or sufficient time be given to maintain a heat equilibrium between the 
various parts of the metal, the temperature will remain constant at 327* C. 
until all the metal has melted, when the temperature will again begin to rise. 
It is evident that heat is absorbed at 327* C. without raising the temperature 
of the metal, but has been expended in changing the metal from the solid to 
the liquid state. The amount of heat so absorl>ed is known as the latent heat 
of fusion, and this fixed point at which the metal changes to liquid is known 
as the melting-point. If the metal be allowed to cool by its heat being 
radiated into the air, then when it cools to 327° C. again it begins to solidify, 
and the temperature remains constant until the whole mass has become solid, 
the latent heat gradually given out on solidification balances the radiation 
of heat into the air. As very many seem to have rather a hazy idea as to the 
length of time during which the temperature remains constant, this will be 
about two or three minutes for 4 ozs. of lead in a room at aliout 15* C. 
When all the metal has solidified, its temperature again commences to fall at 
a regularly decreasing rate, until the temperature of the surrounding air is 
reached. It is obvious that in melting, if the source of heat be pouring heat 
into the metal at one point at a rapid rate, and if stirring be not possible, then 
the metal may not conduct the heat away quickly enough for all parts of the 
mass to keep a fairly uniform temperature ; hence, when such a fixed point is 
used as a standard for pyrometric work, it is generally the freezing-point that 
is taken as more easy to attain correct conditions. If the metal zinc be used 
instead of lead, the melting takes place at 419° C. ; and on still further heating, 
preventing the oxidation of the metal by a layer of charcoal, the metal will 
rise in temperature until it reaches about 920* C, when it begins to boil, and 
remains at this temperature until practically all the metal has been converted 
into vapour. The heat absorbed in this case is called the latent heat of 
vaporisation, and the fixed point is known as the boiling-point. These are the 
two types of fixed point used in the standardisation of industrial pyrometers. 
There is a curious phenomenon, known as surfusion, observed in the case of tin 
cooling from the liquid state. It will generally cool a few degrees below its 
true solidifying point, and yet remain liquid ; but when it does begin to solidify, 
the temperature immediately rises to the true freezing-point, and remains 
steady until the metal has all become solid. 

Examples of the latent heats of fusion, using centigrade degrees, are ice, 
79*25; tin, 14*25; bismuth, 12*64; lead, 5*37. Latent heat of vaporisation 
of water at 100* C. = 537. 

The change of volume in passing from the state of liquid to that of vapour 
in very great. Thus the volume of steam at 100* C. to the volume of water 
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at 4° C. is about 1700 to 1 ; so that, roughly, a cubic inch of water is converted 
into a cubic foot of steam. The cause of the violent explosion when a mass 
of molten metal runs over even a small volume of water is thus made plain, 
even without allowing for the further expansion that takes place as the steam 
is superheated. That water becomes an explosive is only iu accord with 
experience with general explosives which are practically all materials ready 
under easy and suitable provocation suddenly to expand enormously. 
Nitro-glycerine is a liquid ready to decompose instantly and form over 1800 
times its volume of gas, and most of the actions between water and the metals 
have been imitated many times by the authors with explosives. A blasting 
gelatine cartridge exploded in shallow water sends up a great fountain of 
water, the particles moving with high velocity, the counterpart of the 
violent explosion when a stream of molten metal strikes a comparatively small 
quantity of water. A similar cartridge exploded in very deep water just 
produces a great bubble which comes up to the surface, raises a quiet rounded 
mass above the natural level of the water, and then, opening in the middle, 
breaks over, the particles moving with comparatively slow velocity ; a counter- 
part of this happened when the dry core sand dropped out into the bottom 
of the mould for the large roll, the water of combination and the gases formed 
at the high temperature most probably came oft" in a large bubble. A cart- 
ridge exploded in a mass of boiler flue dust just produced as light general 
heaving of the surface, the gas seeming to come away at many points. This 
seems almost typical of what happens when molten metal is poured in a fine 
stream upon a large mass of water in making, say, shot copper or brazing solder 
(by braziers called " spelter," although mercantile zinc is also called spelter) ; 
the steam comes off from many points, and the action is eompiratively quiet. 

Another fascinating study is the conversion of the various forms of energy 
one into the other : heat into work, work into heat or into electricity, 
electricity back to work or to heat ; but it may only be stated here that the 
relations between these forms have been very accurately measured ; thus, to 
take one example, one B.T.U. = 778 ft. lbs. of work, or 774 according to some 
investigators. An example of potential energy has already been given. 
Another, all-important in metallurgy, is potential chemical energy. Carbon 
combines with oxygeu of the air to form carbon dioxide, and heat is given 
out ; thus the carbon is thought of as having latent within it the power 
to combine chemically with oxygen, provided the action is properly started 
by a suitable temperature, and the heat of the reaction keeps up the 
necessary temperature and evolves great excess which can be used in the 
various metallurgical operations, or converted into other forms of energy. 
This is expressed by saying that the carbon has potential chemical energy. 
The number of units of heat given out by the complete combustion of 
one unit weight of a substance is known as its calorific power; and if all 
the heat be supposed to be used iu raising the temperature of the products 
of combustion and their companion gases under any given set of conditions, 
the temperature to which these materials would theoretically be raised is 
known as the calorific intensity of the original body under these conditions. 
The calorific power of a fuel gives a measure of the quantity of heat to 
be obtained from a unit weight of the fuel, and the calorific intensity an 
idea of the temperature or intensity of heat that might be obtained by the 
complete combustion of the fuel under certain ideal conditions. For those 
who would care to try a few of the calculations, it will be evident, on careful 
study, that as the unit of heat is the amount .of heat required to raise 1 gram 
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of water 1* C, and the specific heat of a l»ody measures the amount of heat 
required to raise 1 gram of the body 1 * C. that 

. Calorific power, 

a on c in . — x ne several weights of the products of combustion and 

their companion gases x their respective specific heats. 

Examples of Coloring Powers. 

Hydrogen to water at 0* C. 34,180 Marsh gas (CH 4 ) to CCX* 

Hvdrogen to steam at and steam at 100* C. ". 11,970 

"100° C. 28,450 Sulphur to SO* . 2,220 

Carbon to carbon dioxide . 8,134 Silicon to Si0 2 . 6,420 

Carbon to carbon monoxide 2,450 Manganese to MnO . 1,650 

Carbon monoxide to carl>on . Phosphorus to P 5 . 5,800 

dioxide . 2,436 Iron to FeO ." . 1,170 

Marsh gas (CH 4 ) to CO*, .. Fe 3 4 . 1,560 

and water at 0° C. . 13,400 „ Fe 2 G 3 . 1,750 

The calorific powers of hydrogen, carbon, carl>on monoxide, and hydro- 
carbons are of value in the study of ordinary fuels, and those of silicon, 
manganese, and phosphorus as special fuels of the Bessemer process. 

Before leaving the subject of forms of energy, it is interesting to inquire 
whence it all comes. Our fuels, natural or prepared, with the possible 
exception of natural gas and petroleum, come directly or indirectly from 
vegetable matter or its decomposition products. Even the special Bessemer 
fuels, silicon, manganese, and phosphorus, have been reduced from their 
oxides by the action of the ordinary fuels. Living vegetation has the power, 
by the mysterious help of its chlorophyll or green colouring matter, to absorb 
the energy of the sun's rays, and to store it up as potential energy by 
changing carbon dioxide and water ultimately, sometimes into cellulose or 
woody tissue, at others into starch, somewhat in the following manner : — 
C0 2 + H 2 = CH 2 + 2 , that is, carbon dioxide and water produce a material 
called an aldehyde, and oxygen is given off again into the air. 6CH 2 G = 
c u H i2°6> C 6 H 12 O 6 -H 2 O = C rt H 10 O 5 . Six molecules of the aldehyde have 
combined to form 1 molecule, and in the organs of the plant dehydration 
or a withdrawal of the substance of water takes place, forming (C 6 H 10 O 5 ) 
woody tissue, starch or other substance according to the way in which 
the plant has built it up. In any case, here is the energy of the sun's rays 
stored ; and if as woody tissue, it may help the moulder to start his cupola 
or other fire, if as starch, its potential energy may still be used in the 
foundry, for the internal economy of the human being enables him to convert 
this energy into muscular power, while the fossilised decomposition products 
of woody tissue yield the bulk of all his fuels, and whether in the furnace 
or in the man the material is oxidised into carbon dioxide and water again. 
Thus, C d H 10 O ft + 12O = 6CO 2 + 5H 2 O. The gradual change of condition in 
the vegetable matter in a freshly made cutting of peat may be seen in various 
stages at the present day from the living mosses through the brown " fog " 
to the close-textured, almost black, substance which yields on drying the best 
qualities of peat. In other places the vegetable matter, though it has not 
necessarily passed through a peaty stage, has, at any rate, reached a more 
advanced stage of decomposition by losing water, CH. and (X),^ and the 
residue is therefore proportionately richer in carbon and poorer in oxygen. 
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As the oxygen in fuel is already combined, this portion of the fuel is useless 
as a source of heat. If, as is generally assumed, this oxygen is combined with 
hydrogen, then all the oxygen and one-eighth of its weight of the hydrogen 
must be deducted. The hydrogen that remains, being oxidisable, is called the 
available hydrogen. Thus the table shown below will give a rough idea of 
the value of the fuel, which, as will be seen, increases, for equal weight, the 
further the decomposition has proceeded. The following table has been 
compiled by taking a rough average by the eye of hundreds of analyses, 
omitting the ash and the sulphur, which are so variable, and calculating up to 
100 again for comparison by percentages. That the figures tend to round 
numbers may seem suspicious, but this circumstance may help to emphasise 
the fact that fuels are found of every stage between those given, and they are 
merely to act as guides. Thus, for anthracite the most anthracitic type is 
chosen ; coal may vary from the highest steam coal down to a type lignitic in 
its character, though black in colour, and so on. In the following table the 
C.P.s. are calculated on the 8134 C + 34180 (H- JO) formula, and the experi- 
mental results are selected from actual determinations of the samples in hand 
nearest in composition to the types given in the table : — 





Carbon. 


Hydrogen. 


Oxygen. 


Nitrogen. 


Available 
Hydrogen. 


Calorific Power. 


By • By 
Calcu- i Experi- 














lation. ' ment. 

i 


Cellulose (C 6 H, O 8 ), 


44*4 


6 2 


49*4 


• • • 


* • • 


i 
3610 3600 


Wood, . 


50 


6 


43 


1 


0*6 


4270 


Peat, 


60 


6 


33 


1 


1-9 


5530 


Lignite or Brown 1 
Coal, . J 


70 


5 


24 


1 


2*0 


6380 


• « • 


Coal, 


82 


5 


12 


1 


8-5 


7870 


8000 


Anthracite, . 


95 


3 


2 


trace 


27 


8650 i 8530 



Light. — A word must be said about light. White light, such as that from 
the sun, is not a simple radiation ; for when passed through a prism and thus 
refracted or bent iu its course, it is found that different parts of it are refracted 
differently, and thus the white light is seen to be composed of violet, indigo, blue, 
green, yellow, orange, and red rays, and by other means rays have been dis- 
covered above the violet and below the visible red. The radiation given out by 
a black body as its temperature is raised are, first, heat only while still black 
hot, then red rays, through orange to yellow, and, finally, white ; these colours 
have for an unknown period been used to judge the temperatures of metals and 
furnaces by the unaided eye. The relations between the radiations of different 
bodies at different temperatures, the brightness and even the energy of certain 
portious of their spectra and like matters, have been studied with increasing 
care in recent years, with the result that numerous optical pyrometers have 
been devised specially suitable for measuring the highest furnace temperatures. 
The discussion of any of these relationships is not within the scope of this 
work, so that reference must be made, by those interested, to standard works 
of recent date, such as Le Chatelier and Boudouard's work on High Tempera- 
ture Measurements. Meanwhile, this chapter will have attained its end, if it 
has clearly grouped some of the more obviously useful results and indicated 
the necessity for further study to those who would know their subject well. 



CHAPTER III. 

MOULDING SANDS. 

Terms. — In foundry parlance, " sand " is a term of fairly wide acceptance ; 
therefore, before examining types, it may be well to review briefly some of the 
more general features. For instance, a handful of any type of moulding sand, 
properly moistened, will, after squeezing, cohere, or retain the shape imparted 
by the pressure of the hand. Herein lies one of the most important properties 
of a moulding sand, namely, that of retaining a desired form. This property 
of cohesion may be likened to the plasticity of a fire-clay, a quality largely 
determined by the combined water present in the clay. Thus clays which are 
more or less pure silicates of alumina chemically combined with water may be 
dried at a moderate heat without losing their property of becoming plastic, for 
in this case they lose their uncombined water only, and, if again damped, the 
clay will be found to knead well ; it may be pressed into various shapes and 
still retain the form on removal of the pressure. On the other hand, if the 
clay has been heated to a high temperature, the chemically combined water 
is driven off, and no amount of added water will restore the original plasticity, 
as illustrated in the fact that " burnt " bricks reduced to powder will not again 
serve the purpose of unburnt clay. So, too, with moulding sand ; it may be 
dried at a moderate heat with no loss of cohesion; but, if " burnt," its plasticity 
cannot be afterwards restored by the addition of water. 

The presence of alumina and combined water in the analysis of a sand 
indicates the amount of clay present, and hence the cohering power, as 
the clay acts as a binder. Generally, all moulding sands consist essentially of 
silica, with more or less alumina, lime, magnesia, and certain metallic oxides. 
Lime and metallic oxides, if in excess, make the sand more or less fusible ; 
hence they impair its refractory qualities. Silica increases the refractoriness ; 
but when in excess does so at the expense of plasticity. As already noted, 
alumina, if present as clay, increases the cohesion ; but here, again, if in excess, an 
essential property, that of porosity, is destroyed. Evidently, then, in selecting 
a moulding sand, as indeed in all foundry operations, the happy mean must 
be secured ; in other words, an effort must be made to obtain the best com- 
bination of 'dissimilar properties. 

The essential requirements in a moulding sand are as follows : — 

1. The sand of which the mould is formed must allow the free passage of 
air and gases generated at the moment of casting. 

2. It must be capable of withstanding a high temperature without fusing. 

3. It should be readily removed from the cold casting, to which it should 
give a clean and smooth skin. 
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4. When rammed into shape, it should be linn and sufficiently compact ti 
resist the pressure of the liquid metal. 

The following example will serve to illustrate these requirements. Fig. '. 
sectionally shows the mould for a square block : it is formed in sand, held ii 
position by an iron frame. Con mi- led with the space A is a cylindrical opetu'm 
B, funnel-shaped at the top. Now if A is tilled with molten cast-iron bj 
pouring it down B, tbe conditions are such that the air tilling the space inus 
escape through the sand : further, the increase in temperature generates i 
certain amount of gas which must also rind an outlet through the sand 
Supposing the sand was impervious to the passage of these gaseous currents 
then the gases would find a path to freedom by ejecting tbe fiuid meta 
through B. From the foregoing it will he evident that the sand in thi 
vicinity of A will be heated to a high temperature. When considering th 
resistance of a sand at these temperatures, a sharp distinction must be drawi 
between " burning " mid "fusing." The former, as already noted, represent 
a driving off of the combined water, resulting in the sand losing its power o 
cohesion. This boinjr so, burnt sand may be readily removed from the facts 
of the casting. If, however, a fusion is effected, then the resulting casting 
will Ik extremely hard to clean, for fused sand will W as hard as the castim 
itself, and every particle of it wil 
require chipping off lief ore the cast 
iug at all resembles its pattern. Ii 
these properties of binding power 
porosity, and infusibility, lie tbi 
primary essentials of a moulding 

In the construction of a mould 
other factors come into play ; Im 
instance, the sand must resist thi 
abrading action of a stream of flak 
metal, particularly in the case 
ornamental eastings ; for these thi 
texture as to take and retain the sharp ani 
isidering the washing action of tiv 




Fig. 2,— Mould. 



Hand must also be of such a 
delicate details of the pattern 

fluid metal, it will lie seen that the nature of the sand should vary accordin; 
to the character of the mould. If the surface is flat, a comparatively weal 
sand may lw Used ; if, on the other hand, it contains a line detailed patten 
a fairly strong one will be required, otherwise the small projections of sail 
forming this flu-tail will be carried away by the rush of metal. Also the fine 
this detail the closer must In- the texture of the sand, for. if too coarse, i 
will not enter into the tine interspaces of the pattern ; much of the pleusin 
be lost, and the resulting castings will he lacking i 



effect will the 
These prclimi 



1.4 I 



castings, plain 

their particular property, 
free type, but to Hands 'us 
easting, are dried in a 
green or mulricd conilil 



mirks indicate to worn 
Naturally, in practic 
ip necessary changes 
ii and ornamental w< 
l«qaw for which 



i tin 



iiit the conditions mould 
kind of sand is not use 
mile to twliipt it for ligh 
tc. The terms applied b 
are intended rather thai 
nee, ''dry siim.1 " refers not to a moisture 
formation of moulds, which, previous t 
rem i sand relates to moulds cast in th 
working I Kith green iiuil dry sand, th 



•"iiin.-l u rammed around a pattern, and uiusi in.- suhVieiith ihmp to hold 

but mil ">i I'linu^li in stick to tbe pattern, or, in the case ol gnu 

worJt, to generate an excessive amount of steam when oaatijig- 4 rough but 

imrlv reliable [i -t "I ' 'Liiijiiii -ss is to squeeze a hall of" aand in the hand; OH 

;li'.' ]iii's>iin-, tin' wind should retain its shape without adhering to 

'■"<■■ linrtd. Should some of the sand stick to the band, and the ball present .1 

;■ usnee, it shows the sand is too wetj whilst if the hull readily 

' n "i]l.ii>, it indicates a lack of moisture. 

The term •' loam " applies to a clayey sand worked at ul t the cnusist- 

■ ■ ■ i:i" -Jiiiu' As distinct from green or dry sand work, loam mouldiny 
not necessarily involve tin: use of a pattern. In the majority of cases, 
1 moulds are built lip roughly to the desired form, and linally swept by 

cklea into the shape required. 

"■ ( "i 1' Band " usually means an open type of wind used in the formation 

1 '*ores, and is often represented by a mixture of loam and sharp Band. 

Parting sand," as its name indicates, is used for parting the various divisions 

'_' ; * iiiunl'l. Thus in tig. 2 it will have been noted that a joint is formed at 

In order to pre vent the sand of the top half of the moulding-boi sticking 

''' Ghat of the bottom half, a layer of parting sand is spread on the joint 

~>re ramming the top box. It has already been shown that when -and is 

it Mill not again inhere even when damp. Evidently, then, a layer of 

_ sand serves for separating the various joints of a mould, and thus 

'''■n-stitKt.i". a good parting sand. 

In forming a mould, the sand in contact with the pattern is termed the 

,*»Ci||£ guild " ; that not in contact, but used as a backing and for tilling up 

Qoonlding-box, is known as "black" or "floor" sand. The purpose of the 

•"i'-i is tn give the easting its desired sippeu ranee, such as a good skin ; that 

''''■ hitter to complete the mould by supplying the necessary rigidity and 

backing for the escape of gases, "Black sands'' simply represent 

nation n| used facing sands, and play only a secondary, hut none 

'■ 1..-,, essential, part in the construction of a mould. 

1'lie terms "open," "close," "weak," "strong," etc., when applied to 

■ used in a physical sense ; thus, "open " indicates porosity, and such 
* **W»d is often " weak." " Close " indicates a diminished porosity, but such 11 
!*^d usually hinds well, and is therefore "strong." "Sharpness" indicates u 

* c * of cohesion, an example being found in river or shore sand, which, "hen 
n """ied, -vill not hold firmly in position. 

, Types of Moulding Sand. —A consideration of type is necessarily re- 
to the most familiar varieties of moulding sands. Many foundries 
; 1 1 . . i as to have ready access to a local sand, which, whilst in it in 

■■'■. ) still answer the required pur]sisc. Obviously, black sands 

dealt with ; for the black or floor sand of each foundry is necessarily 

■ ii by the varieties of facing sand used. Not only is this the ease, 

'"" 'ii' different sand heaps ihrouubout one foundry may also vary in 

in, A black sand from the Hour of a fnundrv making light castings 

-in.. 7*-~> per cent ; AI.O... l'7o per cent. ! Fc.,( >.,, 6 '00 per cent. ; 

'' '■ " - ; " ]»T cent. As black sand represents I lie accumulation of used facing 

■ turns natural] j arise as to its original source. In starting 11 new 
he .Min- H<*>r is formed by tivadin.L' in an iqicii variety of red sand. 

I orksop : or a yellow variety, such as Krilh. The desirable qualities 

■ 'ml shall possess iiiixlcrate cohesion, 1 fan " o|H.Ui " cliiiractcr, and 

tly. Not infrequently -neb a sand lna\ be found in the neighbour- 



hood of tin. 1 foundry. Tinning to facing ami Is on which I Ik 1 appearance of the 

casting depends, it is not always good policy to secure the nearest lit hand. 

Facing sands lire usually designated l..y the locality in which they lire 
found; thus, familiar ones are — Belfast and Mansfield red sand; Erith 
yellow sand ; Clyde rock sand, etc. The properties of any sand are largely 
inituenced by its chemical composition, and it will be well to note briefly the 
more salient featured. Free silica gives high heat-resisting properties to the 
sand, but it has no cohesive power. The latter can he overcome by the 
addition of a binding material, commonly clay water. An examination of 
many types of sand shows the contents of silica to vary somewhat after the 
following order, but this cannot be given as n general rule : — 



Type of Grating. 


Light Brut. 


Light 
Cast-iron. 


Mediom 
Gut-iron. 


Heavy 

Out-iron. 


Steel. 


Content of Si]ie», 


78 to 80 


per cent, 
80 to 82 


per oent. 
82 to 81 


per cant. 
81 to 88 


BO U, 9fl' 



We have also seen that clay acta as a binder, hut when in excess it destroys 
|iorosity. The latter feature is due to the fact that clay eousiuto of extremely 
fine particles ; and hence sands high in alumina (if present as raw clay) have 
their pores clogged with this Hue plastic material, and thus form a compact 
and impervious mass; such a sand would, at high temperatures, hake hard 
like clay. For light work the alumina may run up to 10 per cent, or 
thereabouts. 

The actual impurities of a sand are the alkalies — soda and potash — 
which are usually present in insignificant quantities only; lime, which may 
lie present as an oxide or carbonate ; and organic matter, roots, etc., seldom 
exceeding 075 per cent., usually much lower, and when below 1 per cent, 
organic mattor is not injurious. As will be subsequently shown, organic sub- 
stances are frequently added to moulding sands for certain purposes. 

Viewed broadly, the essential chemical features of moulding sands are found 
in the amount of free silica, as representing refractoriness; and the amount 
of silicate of alumina present aa raw clay, representing binding quality. 
Small amounts of oxide of iron present, and forming a rough coating on the 
otherwise smooth particles of silica or quart/, materially affect the binding 
quality of the sand, so that such sand binds well with a minimum of clay. 
(Jxide of iron, however, increases the fusibility of the sand, and excess must 
be avoided. Chemically, other constituents are injurious so far as they 
render the material too easily fusible, or give riso to the generation of 
excessive amounts of gas at high temperatures. 

The analyses given on the following page are those of typical sands from 
various districts. 

It will he noted that, chemically, the types of red sand given show com- 
paratively small variations, a. feature which emphasises the fact that a sand 
must be judged from a twofold point of view, viz., chemical and physical. 
The physical condition of a sand is, in the present state of knowledge, a 
matter to be judged by the moulder's experience. Instinctively he associates 
certain features with certain properties, and the greater his experience with 
various winds the more reliable will his judgment be. 
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In testing dampness, a rough method has been indicated. Following the 
same plan, if a ball of the sand is squeezed in the hand certain features are 
noted. Thus, the slight force required to break the ball into halves will 
indicate to some extent its lifting power, or coherence. The appearance of a 
broken surface will indicate the compactness of the sand when rammed and 
the facilities it will offer to the passage of gases. This may be readily tested 
by taking a sample of open and one of close sand, and comparing the crystalline 
arrangement, which is sufficiently large to be noted by the naked eye. The 
lifting power may also be estimated by squeezing a sprig in the l>all and 
suspending it by the free end. 



1 


Mansfield 
1 Red Sand. 

i 


Kidderminster 
Red Sand. 


S. Staffs 
Red Sand. 


Building 

Chips, 

Glasgow. 


I Clyde 
Rock 
Sand. 


Glenboig 
Silica 
Sand. 

88*9 


Silica 
Sand. 


SiO*. 


83*40 


83*69 


85'52 


92 75 


85 '32 


95*22 


7*47 


6 26 


5 47 


2-56 


7-10 


7*43 1 2*66 


A1A, . 


3*14 


4*10 


372 


2*50 


374 


417 104 


CaO,. 


0-20 


0*66 


0*74 


0-27 


0-64 


1-02 


0-29 


MgO, 


0-62 


0'51 


0-52 


trace 


0'31 


0-86 


trace 



These tests, although rough and ready, are sufficient for the purpose ; and 
the young moulder will, by the application of similar simple tests, gain much 
of value. The final test of a sand is naturally the character it impirts to 
castings, but, as here experiment is costly, a method of judging suitability 
before use is desirable. The best, and, in fact, the only method is that 
indicated ; judgment founded on experience. 

Mr C. Scott 1 has, however, devised a system of differential sioving in 
which the grade of sand is classed according to its fineness (state of division). 

1 Iron Age, Nov. 1, 1900. 



CHAPTER IV. 

FACING SANDS AND FACINGS. 

It has already been shown that the material of which a mould is constructed 
must permit of the free passage of air and of gases generated at the moment 
of casting. It must also be firm and sufficiently compact to withstand the 
pressure of the liquid metal. Further, it must bear a high temperature 
without fusing, and permit of ready removal from the casting to which it 
should impart a clean and smooth skin. 

Without entering into the details of moulding, it has also been shown that 
the sand forming a mould may be divided into two portions : that forming the 
face of the mould, known as facing sand ; and that forming the backing, known 
as the floor or black sand. 

In the selection and use of facing sand, the moulder is guided by his 
experience, by the quality of sand available, and by the kind of work in hand. 
As facing sands vary very considerably, the following notes are intended as 
a guide only, in which form they will serve a better purpose than would be 
gained by detailing a series of mixtures. 

Green Sand Facings for Grey Iron.— The majority of facing sands are 
mechanically milled and sieved, apparatus for this purpose being illustrated 
in Chapter V. The more intricate the detail of the pattern, the finer should 
be the grade of facing sand used; for light ornamental work such sand is 
^Billed very fine. Light work, but of plain surface, requires a weak sand ; 
black sand will answer here better than a milled facing. Hence a stove-grate 
moulder in making a register front, part of which has detailed ornament, and 
part plain surface, only uses facing sand on the figured part, floor sand being 
used on the plain surface. Both facing and floor sand are mixed with coal 
dust in the proportion of one shovelful to each riddle of sand. This applies 
to work of comparatively thin section and large surface, such as is common in 
stove grate foundries. Coal dust is used in all green sand facings for iron, 
its object being to assist in peeling the sand from the castings. This object 
is achieved by the fact that the heat developed by casting converts some 
portion of the coal dust into gas, thereby preventing the molten metal reach- 
ing into the pores of the sand, and so retarding fusion of the sand or the 
binding of its particles into a compact mass. The example of a register front 
gives a key to the use ot facing sands, namely, the more delicate the detail of 
the pattern the stronger must be the sand ; and, conversely, the plainer the 
surface the more open should be the sand. Thus, for fine ornamental work, 
for wheels with fine teeth, and for all cases where small isolated bodies of 
sand have to resist the wash of a stream of metal, new sand is used. This is 
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mixed with coal dust in the proportion indicated, and well milled. Less 
detailed work, such as large fluting on columns, is faced with a mixture of 
equal quantities of floor and new sand mixed with coal dust, and milled as 
before. The new sand may be any of the red or yellow sands, as Belfast, 
Mansfield, Staffordshire, or Erith, according to the locality. Mixtures of new 
sands are occasionally employed, but no decided advantage is gained ; by far 
the better plan in green sand work is the use of one type of new sand only, 
diluting it to the required extent by means of floor sand. In jobbing iron 
foundries all new sand is rarely used for facing purposes, floor sand being 
added in amounts varying, according to the character of the work, from 25 to 
75 per cent. In this class of work the amount of coal dust also varies, for 
both coal dust and strength of facing have a decisive effect on the appearance 
of the casting. Thus the teeth of heavy spur wheels require a stronger facing 
than the rim, arms, or boss. Generally the amount of coal dust varies from 
one part to six parts of sand up to one part of dust to twenty of sand. With- 
out stating a definite rule, it may be taken that the heavier the casting, the 
higher the proportion of coal dust permissible in the sand. Facings for 
castings over three inches in thickness are usually mixed in the ratio of one 
part of coal dust to eight or nine parts of sand. If too much coal dust is 
present in a facing sand for light work, the castings will present a glazed and 
shiny surface ; whilst an excess in sands for heavy work results in the castings 
being pitted ( " pock-marked " ) and full of veins. The ideal colour for an 
iron casting as it leaves the sand* should be a dull grey, and this is very 
largely determined by the coal dust present. 

Dry Sand Facings for Iron. — Any sand which, in the rammed condition, 
will permit of drying into a compact and coherent but porous mass, will answer 
the purpose of a dry sand mixture. Many green sand facings dry into friable 
masses ; hence their unsuitability. Various mixtures, partaking somewhat of 
the nature of loam, are employed ; thus a close sand may be mixed with an 
open one and tempered with clay water to give the necessary bond. Mansfield, 
Staffordshire, or Erith may individually be used as dry sand facings,* being, for 
this purpose, mixed with horse-dung and milled. Rock sand, of the type 
given in Chapter III., is exceptionally good for all classes of dry sand work. 
This sand, without admixture, dries into a hard, but very porous, mass ; and 
castings from it have a clear skin, and are remarkably free from scabs. 

Where weak sands have to be used for dry sand work, the requisite bond 
may be added in the form of clay, flour, or core gum. A clay-water pot is 
common to all foundries, and is a tank or tub in which clay is soaked in water ; 
the consistency of the resulting " clay water " ranges from that of cream to 
that of treacle, according to requirements. A weak sand is tempered with 
this clay water, which gives consistency and body to the sand ; such addition 
will often convert a weak sand into a passable one for dry sand work. 

Green Facing Sand for Brass. — Although the alloys designated as brass 
are cast at a much lower temperature than grey iron, there is nevertheless a 
decisive action between the fluid alloy and the sand. Certain of the copper- 
tin alloys, especially phosphor bronze, possess in a very distinct manner the 
property of " searching." So much is this the case, that if two castings, one 
of grey iron and the other of phosphor bronze, are poured into similar moulds, 
the grey iron one will come out with the better skin, and this in spite of the 
fact that there may be a difference of some 300° C. in favour of the bronze. 
Another aspect of the same thing may be found by taking lead as an example. 
This metal, poured into a mould at full red heat, will result in a casting of 



terribly rough skin and mil of veins. Lead at a red heat rapnUOatq 

temperature of from 500" to 800* C, which is comparatively low 
None the less, the sand "ill adhere tenaciously to the casting, and in difficulty 
of removal will resemble semi - fused sand. Therefore resistance to heat 
alone does not always determine the suitability of a moulding sand, for it 
iiiu.il iilsn otter resistance In the ( niii't iMTi'iu of a thinly thii'l metal or alloy. 
All alloys containing till possess this property of searching into the pop-i -. ..i 
the mould and binding the particles of sand together. Although searching 
does not necessarily indicate fusing, it will readily be SL'en that it has the 
same effect, for in either case the same difficulty is experienced in trimming 
the easting. This searching action imposes the following conditions : — 

1. Coal dust cannot be used with green facing sands. 

3. Sands for brass must be finer and drier than sands for grey iron. 

3. The moidds must be rammed haider than similar ones for iron. 

In certain cases, coal dust or plumbago may be mixed with facing sand ; 
hut, as a general rule, such admixture results in veined or pock-marked 
castings. Owing t<> the searching action, the sand must be in a fine state of 
division, and it must be rammed comparatively hard. Hard ramming neces- 
sarily involves a drier sand than one submitted to normal ramming. 

The Bands actually used are the finest qualities of Belfast, Mansfield, or 
Birmingham cemetery. Floor or bench sand is frequently renewed by addi- 
tions of new sand, hut it never reaches the black colour characteristic of an 

ironn Idcr's floor sand. In grain it is comparatively fine, and this floor or 

beach sand alone is sufficient For facing plain mirk, such as valve bodies. 
With Ornamental work new milled sand is used. Naturally between the 
extremes of plain and detailed ornament various intermediate stages are 
formed, and, us the pattern approaches either extreme, old, new. or mixtures 
of old and new are used. 

Dry Sand Facing for Brass.— As with iron, the authors have found do 
better facing than rock sand, which has answered admirably n nil grades of 
castings, varying in weight from 1 civt. to IS tons. Mansfield or Stafford- 
shire also gives good results, but not with the same regularity. V..r\ heavy 
eastings may be made in moulds faced with steel moulding "nuiijii," hut the 
appearance nf the casting is not equal tn those made in rock sand. 

Loam. — A combination of dissimilar properties is essential to a ginnl 
loam mixture. This material is worked at about the consistency of stiff 
slime, and an essential property is that it must admit of drying without 
undergoing too great a contraction. It most also dry hard, and, in this 
condition, admit of carding (i.e. rubbing) without being friable ; and yet l>c 
porous, in order that the molten metal wilt lie kindly on it. This involves 
that a stream of metal shall not cut the surface of the mould, which it may 
do if the loam is too compact. Mixtures of loam are infinite in number, each 
foundry foreman having his own particular one. A mixture of close sand, 
opened liv the addition of sharp sand and brought to the required consistency 
by means of clay water, is exceedingly serviceable. Stahord shire, Erith, or 

Mansfield, Opt I by means of cow-hair or horse-dune mi\ed with water or 

clay water, make up into i;,,.*! loams. Finishing loam is simply n finer gradj 
of the loam used for backing, whilst building loam represents unmilled floor 
sand mixed with water into a stiH sludge. 

Green Sand Facings for Steel.— Only light castings are made in green 

sand, and an ordinary mixture as for iron is used. Any of the red sands 

answer well, provided a suitable facing is dusted on. 
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Dry Sand Facings for SteeL — The bulk of steel moulding represents dry 
sand work. Sands employed must, owing to the high casting temperature, 
be of a very refractory nature ; and to meet this, silica sands are largely 
employed. The analysis of a silica sand given on p. 20 shows 95 per cent. 
SiOg, but such a sand is deficient in binding power. To obtain the requisite 
cohesion, clay is added, as in loam. Various types of composition, technically 
termed "compo," are in use, and for the most part consist of old crucibles, 
fire-bricks, or similar "burnt" refractory material ground to the required 
fineness, and mixed with various binding agents. As a rule, it is better to 
purchase compo from a supply house than to grind and mix it in the foundry. 
Where home mixing is conducted, silica sands and clay may form the basis of 
the compo. Ground burnt refractory materials have the advantage that they 
reduce the contractibility of the mixture, and their use is not costly. The 
following mixtures give an idea as to the ingredients employed 1 : — 





For Castings of 20-50 mm. 


For Castings over 50 mm. 


A. B. 


C. 


D. 


Old facing sand, 

Old crucibles, .... 

Fire-brick, .... 

White clay 

Coke dost, .... 
Silica sand, .... 
Graphite, .... 

i 


4 ! 12 1 
1 ... ' 10 

I | ... | 5 

i ; i ; s 

h ! ... ! i 

... ' 5 i 
o 
Litres. Litres. ' Litres. 


• • • 

• ■ • 

• • • 

2 

» • • 

10 

• • • 

Litres. 

i 



Core Sands. — Owing to the fact that the majority of cores are entirely 
surrounded by metal, the sand of which they are made has more stringent 
conditions to meet than facing sands, which form the external part of a 
casting. Certain cores approach an S shape, and, except at the two ex- 
tremities, are entirely surrounded by metal. For the present, three conditions 
should be noted : (1) the core has to stand much handling in fixing in the 
mould ; (2) the gases generated on casting must find an egress through the 
core and not through the metal ; and (3) the core has to be removed from 
the casting. 

All cores, before entering a mould, are dried, and in this condition must 
be hard enough to permit handling, and porous enough to admit the free 
escape of gases. Yet the sand must not be burnt or converted into a com- 
pact mass by the heat, for, if so, it will be exceedingly difficult to remove it 
from the casting. Some of these conditions belong to core-making. Turning 
to core sands, and looking at them from a purely chemical point of view, one 
high in silica should yield the best results. To such a sand the necessary 
bond may be added by means of flour, rosin, core gum, etc. In other words, 
an ideal core sand is one in which silica is given bond by the addition of an 
organic substance which produces a firm core capable of withstanding high 
temperatures and resisting the penetrating action of fluid metal. Such a core 
is friable in the cold casting, and therefore readily removed. If bond is given 
to silica by clayey matter (hydrated silicate of alumina), then the metal bakes 

1 Stakl und Eisen, vol. xxiv., No. 16. 
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the cores hard (the clayey matter becoming hard burnt clay), and therefore 
renders their removal a difficulty. 

For ordinary small cores, red or yellow sands opened by means of horse- 
dung, and hardened by core gum or rosin, are chiefly used. Small intricate 
cores, surrounded by heavy masses of metal, should be made of rock sand, to 
which a small quantity of dung and rosin has been added. Larger cores 
are made from dry sand mixtures, or dry loam to which horse-dung or sawdust 
and core gum are added. 

It will have been noted that various substances are used in conjunction 
with moulding or core sand. Thus the function of coal dust has been indi- 
cated ; for heavy and coarse work, coal dust may be replaced by coke dust. 
Hair, horse-dung, and sawdust act as " openers," i.e. they increase the porosity 
of the sand or loam. Dung is dried and sieved for small cores, but simply 
riddled for dry sand or loam. The undigested hay of the dung, the hair or the 
sawdust to some extent carbonise on drying, thereby leaving tiny interstices 
in the sand. Core gum is a glutinous product derived from potatoes or other 
starchy substance. Core gum, gluten, and kindred substances act as binders, 
without increasing the fusibility of the sand. A hard surface imparted by 
ramming is fatal to sand, for fluid metal will not lie on it ; but a hard surface 
resulting from the presence of core gum or rosin does not necessarily 
represent an impervious one, and fluid metal will usually lie quietly on it. 
Heat, instead of fusing, tends to loosen a sand made hard in this manner. In 
the case of green sand facing for grey iron, the presence of coal dust was 
indicated as tending to peel the sand from the castings. To assist this peel- 
ing, the surfaces of all moulds are lightly coated with either a refractory 
material, or one which, by the formation of a thin stratum of gas, retards 
searching by the fluid metal. 

These facings in green sand work are dusted on the mould through a calico 
bag or stocking-foot, care being taken to distribute an even coating. The 
surplus is blown out by means of bellows, otherwise a collection of loose 
facing would act in the same way as dirt, namely, leave holes in the casting. 
Instead of blowing out, the facing may be sleeked, that is, smoothed on the 
surface of the mould by means of a trowel, or brushed by means of a camel- 
hair brush, if its surface permits. Should the surface be inaccessible to 
sleeking tools, then, after dusting on the facing, the pattern may be returned 
to its place and lightly tapped to ensure uniform contact. Such a method, 
termed " printing," ensures a very smooth casting, but can only be applied to 
facings which do not stick to the pattern. 

In dry sand and loam work, facings are applied as a liquid, being punted 
on the mould either before or after drying. In the latter case, the mould is 
painted whilst hot. 

All facings are in a state of tine powder, and, chemically, may be divided 
into either carbonaceous or siliceous materials. The former includes flour, 
pease-meal, charcoal, coal, and plumbago ; whilst the latter includes silica 
flour, title, and soapstone [both varieties are acid magnesium silicate, H«,Mg 3 
(Si0 2 ) 4 , or H. 2 0,3MgO,4SiO._,], and silicates sold under trade names. " Plum- 
bago " in foundry terminology is applied to the mineral graphite. " Black- 
ings " represent mixtures of charcoal dust, coal dust, and fire-clay ; or plum- 
bago and fire-clay. Many of the white facings sold are silicates of magnesia, 
as, for example, floured talc. As facings, these silicates are very serviceable. 

The property of adhesion is of some moment in considering the use of a 
facing, and this property is to some extent determined by the nature of the 
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fluid entering the mould. Thus, with light green sand work in iron, charcoal 
answers well, and the powder lightly dusted on will give a casting which 
kA peels " readily. For heavier work, plumbago blacking, and plumbago are 
desirable, and in turn they effectually peel the sand from the casting. Char- 
coal, plumbago, or blacking mixture are entirely unsuitable for green sand 
work in brass. If simply dusted on, these facings ball up in front of the 
stream of metal, thus forming dross, which, in the cold casting, is equal to so 
much dirt. These facings, if used on green sand moulds, must be carefully 
sleeked on ; and, when this is followed, the skin of the castings is of a more or 
less black colour, which, from a brassfounder's point of view, is a disadvantage. 
For light brass castings, flour or pease-meal is decidedly preferable ; these 
facings adhere most tenaciously to the sand, and, if lightly dusted on to sand 
of fine texture, very smooth castings of true brass colour result. For heavy 
green sand work in brass, white facings such as terra flake (floured silicate of 
magnesia) offers advantages greater than plumbago in that the same surface 
or skin is obtained without a loss of the true brass colour. Carbon facings 
are used to advantage on moulds for brass, if painted on in a liquid form and 
the mould subsequently skin- or wholly dried. Thus, so far as dry sand 
work is concerned, a facing suitable for iron will answer for brass ; but such is 
not the case with green sand work. 

All facings applied as a liquid come under the term " blacking," which, as 
noted, may represent mixtures of two or more of the following : charcoal, 
coal, coke, plumbago, and clay. This mixture in a floured condition is mixed 
with water to the required consistency, and applied to the surface of the 
mould by means of a "swab," a camel-hair brush being used for the finer 
details. Blackings are less costly than unadulterated plumbago. The latter 
facing, however, always yields the best results for either iron or brass. Wet 
blackings are sometimes sleeked, and in this case a light sprinkling of dry 
plumbago on the wet blacking before sleeking will ensure an effective skin. 
Unsleeked blackings answer well, provided swab or brush marks do not show ; 
and to such blackings, salt, sal ammoniac, or core gum is added in order to make 
them set hard. Facings for steel moulds are either nearly pure silica or 
carbon, or mixtures of these. Green sand moulds are dusted with floured 
silica, w,hilst dry moulds are painted with plumbago. In some cases floured 
44 compo" is also added to the facing, as in the following : — 

Compo, ..... 1 pail 

Plumbago, . • . . . 2 A lbs. 

Silica flour, ..... 3 lbs. 

Both compo and silica should pass through a 60-sieve, and the three ingredients 
are mixed in water to the required consistency. Other washes for steel moulds 
are : — 

Plumbago, . . 6A lbs. 15 J lbs. 

Silica flour, . . . 10 ,, 3 ,, 

Sal ammoniac, . . . A „ 

Water, . . .1 pail 2 A pails. 

Plumbago and water yield excellent results on work of medium weight. 



CHAPTER V. 

FOUNDRY TOOLS. 

In this and the following two chapters moulding and foundry tools are 
discussed in so far as they can be separated from actual foundry operations. 
Commencing with a moulder's tools, these will necessarily vary with the class 
of work on which he is engaged, and for the greater part represent home-made 
articles. Trowels, cleaners, sleekers, and gate knives are usually purchased 
as required ; but the remaining tools are made by the moulder, who either 
casts them to shape or works them up from rod. In this case brass rod is 
usually employed, whilst cast tools may be of brass, iron, or steel. Brass 
tools answer admirably for brass or iron moulding; but in steel moulding, 
owing to the gritty nature of the compo, they are very rapidly worn 
away, and for this work steel or cast-iron tools are more serviceable. 
In passing, the authors may mention, as a matter of interest, that they 
have been watching the life of a trowel made from a 36 per cent, nickel- 
steel, an alloy that takes a high polish, does not readily corrode, resists 
abrasion well, and in other than foundry circles is known as "Invar." 
In ironfounding it stood better than any one previously tested, but, used 
regularly in a steel foundry on Sheffield comjx) moulds, it seems to be wear- 
ing more rapidly than an ordinary hardened and tempered steel one also in 
regular use. 

Turning to the actual tools used, several steel cleaners are shown in 
fig. 3 ; they represent tools absolutely essential in all jobbing work. The 
lowest tool in this illustration represents a vent wire used for artificially 
opening the sand and forming passages for the escape of mould gases. In 
size, all tools vary according to the class of work. Small tools for a light 
iron or brass moulder are shown in fig. 4. These represent spoon tools, 
bead and button smoothers, and small trowels. Fig. 5 reproduces a few 
" sleekers," that is, tools used for sleeking or smoothing the face of a mould. 
These tools are used in places inaccessible to cleaner or trowel. The latter, 
the most indispensable tool in the moulder's kit, is shown in fig. 6. Trowels 
vary from 1 to 2 inches in width, from 5 to 8 inches in length, and are 
provided with a ball-form wooden handle. In working the trowel this ball 
handle fits the palm of the hand, and the index finger is pressed on to the 
blade. It may be well to note that the so-called Scotch trowel is provided 
with an iron handle only, usually \ inch square and 3 inches long, but the 
authors in this case prefer the English form of wooden handle. Turning 
again to fig. 6, three " gate knives " will be noted. These have usually a 
heart shape and an oblong blade. Two handy forms of " gate cutters " will be 
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plumbago on tlic Face of a immlil it For :l j>| living lii|iiiil lilackine. Two forms 
nt COTS pins will also In.- noticed, and tlicsc arc used for picking Up false cures 
iii light VOrk. Olia Ol these cove pins is funned from steel win- and the Othu 
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udc bj fixing two sewing needles into a tab ol wood. The 

Bb| plate in the foreground is used (or stopping off diaper 

■mil'-, trellis work, and the like, when MUlBgfl 

lit form to that of the pattern are required, and 

ii'i' apace nil] not permit of the introduction of a straight 
<.''L'>'. Amongst the [iiiscolliiiieiiiin iti-ms uf tig. 6 will be 
noticed a water brash and lifting screw? fur drawing patterns. 
"in' with a T head in for wooden patterns, and is Formed 
by casting the head on an ordinary wood screw. The spirit 
level is essential in many foundry operations, but chiefly on 
die sand l*d for open cast work. A handy torni of tool tor 
•orldng mi the -ami bed is shown near the spirit level li 
I An tapering heads of different size, and is used fur 
making channels. Thus, after a core grid has been marked 
"'ii mi the lied, channels are formed l>v pressing this tool to the 
tenured depth along the marked lines. To the foregoing tools 
Would I* added calipers for internal and external diameters, 
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**ge DOtnpaeses or trammels for marking out. The latter 
I ' ": replaced by r length of string and a nnil driven into 
^|K of wood, but tran i mi 'Is are preferable, 
( ,..'<" tools indicated are, or should lie, the moulder's own 
.\lV~* l " t - v * 'J'"" 1 * supplied by the shop comprise dry brushes, 
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, Baud, before use, is passed through a j-ineh-mesh riddle ; 

: tor large work is passed tlirouttli a |-ineh-inesb 

ill ' " mlst - f " r fine work > ■"> i'" 1 ' 11 "ievc is used. Parting 

llul M passed through a sieve of -pfineh mesh. Nothing need 

W *tfd al the shovel, further than that it should lie tri tted and 

■■■it. Shovels are maintained in good condition by 

■ tn -'very uight, and then daubing them with oil, 

■lit off on the following morning. A clean and 

Wprl ihovel means sweet and light work. 

ft re are a ions patterns, Imt are roughly of two 

J-"-"-, known as "pegging" and "flat " rammers respectively, 
itefomer being Used for the preliminary and the Liter for the 
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final ramming. 
casting a head o 
head is about ! 



i tig. 7 sboi 



inches 



,-s jiii ordinary pegging rammer Formed by 
n rou ^ inch in diameter by H inches long. The 
i length by 1 inch in width, capering down bo 
about $ inch at the now-. Owing to the short length of shaft, this is 
known aa a bench moulder's rammer. Double -cml.'il pe.i^iiifr rammers 

m:iv lie Used, the tivn .-i m Is heing of ilittviviit si/e. The purpose of the 
wedge-shaped [ie^iriiifr raninier is in tuck or press the sand into the inter- 
stices of the patterns. Fhit rammers, such as B in tig. 7, are employed 
for the liuiil ramming. The flat end of this rammer is about 2J inches 
in diameter by 1 inch in thickness, with a shaft of similar length to 
that of the pegging rammer. A combined pegging and flat I 







beach work is Bhowii at C in fig. 7. This is turned from hard wood, aud the 
ramming faces may, in certain cases, ho covered with a strip of gusts peroha. 
Floor rammers only differ from bench rammers in point of size. Thus the 
head of a pegging rammer is about 3 inches in length by 1£ inch in width, 
and tapers down to about £ inch at the nose. Flat rammers are about 4 
inches in diameter, and the almftw of liotb are about 4 Feet in length. Pit 
rammers represent a heavier type of flat rammer, and have usually wooden 
shafts filed into a wrought -iron socket which ia cast into the rammer head. In 
the ease of large work, pits and the like, ramming is laborious, and an effort to 
lessen work in this direction is found in the introduction of rammers actuated 
bj '■ pressed sir. These rammers are not extensively used in this counter, 
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but they loubtedlj bavi 

_ i valuable when 

an "ii the market ; a 
typical one is shown in fig, 8. 
Pegging, or flat heads, may be 

I. and the length of 

stroke varied to suit special 

awwa. As ■ > ale, the number 

■ pa minute can be 

varied from 200 to .100, ami 

■ ■.lilt "I 
ranges from 14 to 18 lbs. 

Thin practically . 
hII tin' sand-handling tools. 
'l'>iniinir to tlie sand-preparing 
tools, tlic~*t j are mainly grinding 
mills and mechanical sifters. 
The mod common Form of 
grinding apparatus is the 
pan mill, slightly 
t.i suit foundry re- 

■ !-. Fig. 9 shows a 

■ ■II of thin description. 
■ i with two plain 

rollers tend t.i cake the sand, which, after delivery, ni|iincs riddling to break 

■in. For u universal mill the authors prefer u plain and a cogged 

roller, as in this case the liitter neutralises the caking action of the former. 

Such a mill is suitable fur either sand -r loam, and water may lie 

led into the pan by means .if a hose. Mills titled ivith plain 

rollers may I to used fur grinding coal dtist ; lint when this is 

Attempted in the foundry, s ball mill is more convenient. It is, 

bowever, far better for the foundry to purchase coal dust ready 

for use, an in the end 

this is more eon u 

eal 1 1 1 ■ m grinding it. 
Mills Kith BOlid roller* 
ire nls.i used for break- 
ing up brass foundry 
slags, prewimtof] n 
trashing, for the re- 
covery of metal from 
the iHg. 

Mei'haiii.nl sand 
Often may be formed 
of a re. '(angular riddle 
suspended by stingi 
and given n to-anrt- 
iio motion by maul 
of a cam MhUting 
Hi.- Frame. \ son 
tig. 10. .Sifters of this 
which a revolting worm 




miliar type of sifter is n rotating one. shown 

I lltal !■■■ iiltJU-hi'il t.i r MIIL" trOllgl) i 
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mixes (In' matt.' rial, Weak* up lumps, and dtM-hiiiyi-i. into the intnliii'j. >)<:<v. 
The sifted Band is collected in a bin beloa the lifter. In eapaeit] Umh Bitten 
vary from 30 to - r )0 entnc feet of Mud per boor, They may be made portable 
hy attaching them to ii waggon ; tlicv arc then operated by a motor, ^ i t J ■ 
unable leads. Another type of portable sifter is the Battle Greek mod serci-n, 
ilu. II. which is operated by steam or oompreeBed air. Reference bo the 
illustration trill f.-mlily show the action of this sifter. Portable 
of advantage in dealing quickly with large quantities of floor sand n that 
the Band hit* not to he moved from the position in which it in required, Fllftd 
sifters are most suit.il.lt' I'm- being sand. 

A type of mixer which aoreem and tempera being or cure sand ready for 
use is shown in fig. 12. This is known as tin- Standard sand mixer, anil each 
machine is provided with a witter tank and L'railuated idass to measure the 
Water ■prayed OH tfae Sand. The unmixed sand is charged into the mixer 

through a acreon, water tamed on, feheoharge effectaaUj anxed and mouse I 

hy the revolving puddles, and then discharged into a harrow. 




2. — Stiiu.ian! Snail Miser. 



Where no mechanical facilities exist for treating facing sand, it is sieved hy 
hand, coal dust is added and well mixed by repeated turning over. Water is 
added until the sand is sufficiently damp, the heap is then well " troiiilt'ii," and 
M each step the trend er gives a twisting movement with bee! and tool which 
imparts toughness ur grip to the sand. The toughening effect of this twisting 
movement of the feet y l>e im-mi ualed by hand in the following way : — 

Asieveful of aand is placed on a board, and the operator, on his knees, tuba 
it to and fro with n round toughening stick, ;i slight twisting movement lieing 
imparted to each rub. 

The reinaininn lools are essentially simp ones, and are used as accessories 

to the mould, or in ddinjr operations, on the one hand ; and, on the other, 

BB aeoeaeories for handling molten metal. Excluding moulding-boxes and 
handling facilities, the following general tools demand notice here :— 

Any mould, previous to casting, must be mi fastened down that its top 
cannot be lifted by the pressure of the fluid metal, and one of the most 
Familiar methods of achieving tins end is by piling weights mi the top. These 
"eights sometimes lake the ft inn of pig-in hi ..r heavy scrap, a method both 
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unwieldy and inadvisable. It is far better to employ weights of suitable size, 
which permit of ready handling and correctly serve their purpose. The 
authors have found the two forms, shown in fig. 13, very serviceable for small 
boxes. This form gives a flat bearing across the mould, effectually preventing 
bursts when shallow top parts are used and the two recesses permit of handling 
without trapping the fingers. A form of weight suitable for snap-flask work 
is shown in fig. 14. The central cross, which is cored out, allows a fair 
latitude for placing runners, and at the same time, practically the whole 
surface of sand is covered. This is essential in snap-flask work, for, when 
casting, the moulds are not supported by a box ; hence, weights of various 
sizes are required to suit the flasks used. A form of crane weight, with 




Fig. 13. — Flfet Weights. 

lifting hook cast in, is shown in fig. 15. Weights of this type are employed 
on floor work, and vary from 5 cwts. up to 1 ton. These weights arc exceed- 
ingly useful, and every foundry engaged in heavy work will find them of value. 
As a general rule, the authors do not advocate weighting down ; but where 
this practice is followed, quite apart from neatness or convenience, it is l>etter 
to have weights, the sum of which can be readily reckoned, than to place on a 
miscellaneous pile of pig-iron, moulding-boxes, etc., the total weight of which 
can only be guessed at. 

Where possible, moulding-boxes should be cramped ; this may be effected 
by means of the box pins, or by cramps overlapping the full width of the box, 
and tightened by a wedge. Cramps are of ca,st- or wrought-irou, with toes of 





Fio. 14.— Snap Flask Weight. 



Fio. 15.— Crane Weight. 



sufficient length to permit of a good grip on the box, whilst wedges are of 
wood or wrought-iron. The latter are safer, and are usually about 3 inches 
long by 1 inch broad, and taper from J inch downwards. The less packing 
employed the better; hence a stock of cramps of varying size is essential. 
Adjustable cramps have been devised, and one of these is shown in fig. 16. 
Fig. 17 shows various methods of cramping, and it will be noted that in one 
case cramps are passed over the full width of the box ; in another, the l>ox 
pin has a cotter hole, through which a small wedge or cotter is passed ; and 
in the last a nut and bolt piss through the l>ox snugs parallel with the pin. 
Cramps may also be wedged on to the snugs or handles. Properly tightened 
cramps are effective up to rupture, but it should be remembered that a box of 
large surface may spring ; hence, if the box is of light section and large size, it 
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should bo weighted in the centre in addition to cramping on the edges, in 
order to prevent straining. In light work, particularly small brass work, the 
moulds, after completion, are turned on end to cast. 
This involves the use of binding screws, which may 
Ik of wood, having large butterfly nuts; or of iron 
rod, with ordinary hexagon nuts. The usual style is 
shown in fig. 18. Flat boards or plates are also 
required, of a similar size to that of the boxes. A 
pair of plates, one on the bottom and one on the top 
of the mould, drawn firmly together by a pair of 
screws, will permit the mould to be turned on end for 
casting. In certain cases two or more moulds may 
l*e placed within one set of screws for casting. Apart 
from this, flat boards or plates have a wide use in 
bench or tub moulding. In floor moulding, similar 
hoards are used for " turning over," or as bottom 
boards, when the bottom half of the moulding-bos is 
not fitted with cross-bars. Large bottom boards of 
this character are formed of 1-inch timber, well stayed 
with cross battens. When nailing the planks on to 
the battens, a space of J inch or thereabouts is left 
between each plank. If the planks butt one against 
the other, a series of holes are drilled through, the 
object of these spaces or holes being to permit of the 
escape of gases from the sand. Turning boards are 
similarly built up, except that no provision for venting 
is required, and the face should be planed. Lifters, 
or "gaggers," form a common, but most valuable, 
accessory to moulding operations, and are used for the 
purpose of strengthening the sand of a mould when 
the cross-bars of the mould ing-hox are insufficient for 
this purpose. They may be formed by bending an 
iron rod, so that one end will rest on the cross-bar of 
a moulding-box and the other carry or strengthen the sand. Fig. 19 shows a 
cast- and a wronght-iron lifter. As the sizen naturally vary with requirements, 





Fig. 17. — Methods of CramjunR. 



fio. IS.— Mould Screws. 



i large stock of assorted si/*s should he kept in order to meet any particular 
need. In addition to lifters, iron rods and sprigs are largely used for strengthen- 
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^S ttioulds or cores. Sprigs vary in length up to 6 inches ; whilst all sizes of 

j ^-re required, the variety used being a cheap wrought-iron known as nail rod. 

. ? So ^tte cases, lifters are replaced by pieces of wood, cut to size, and jammed in 

e top part ; when used in this fashion the pieces of wood are termed "chocks." 

rp, Another type of miscellaneous tool is found in a portable fire-basket. 

^**c are, as often as not, formed by punching holes in a pail for a small fire 

. r l *i a discarded oil drum for a larger fire. 

^ **iore convenient type of fire-basket is 

°*" r *ied by making a cage of iron rod sup- 

£* >l ~fc«d by a framework of cast-iron, as illus- 

f c 1 ^-t>ed in Chapter VIII. Fire-baskets, or 

^^vils," are used for skin-drying sand moulds 

r *<>r stiffening loam. 

Irestles are chiefly used for running up Fjg. 19.— Litters. 

^P^s, as illustrated in Chapter IX. Fig. 20 

a *K»^v8 a typical trestle for this purpose. It is made in open sand, the 

^o feet being cast on at a later operation. Small trestles may be used on 

* A core bench, and for this purpose bar-iron bent to the required form, with 

^" G two ends let into suitable feet, offers a light, yet stable trestle. Turning 

*° ^accessories for dealing with molten metal, these for the most part include 

car ^ ( ying tongs, shanks, and ladles. Metals or alloys melted in crucibles are, 

118 3- rule, cast from the crucible by means of either teeming or carrying tongs. 

With teeming tongs the caster 
grips the centre of the crucible 
and supports some of the weight 
by resting the tong shanks 
on his knee during pouring. 
In this way the caster stands 
in lino with the moulding-box. 
Brass and German silver arc 
often poured by means of the 
pulling-out tongs, and then the 
caster stands in front of the 
crucible, the lip of which is 
rested on the moulding-box. 
In other cases the load may be 
supported by resting the tong 
shanks on a weight laid across 
the moulding-box. When the 
contents of the crucible exceed 
50 lbs., carrying tongs are 
employed, and of these the 
three types shown in fig. 21 
are the most representative. 
A and B grip the pot by bringing together the two handles of the single 
end, whilst the double end is used for turning up the crucible. Both 
these types are familiar in crucible steel foundries ; whilst C, which has 
a solid ring, is chiefly used in brass foundries. In the case of brass 
foundries, crucibles range in ca}Micity from 20 to 400 lbs., and naturally 
the diameter of the ring C is made to fit the particular size of crucible 
employed. This diameter is such that the ring wedges at alxmt the 
centre of a new crucible ; but as the latter lessens in diameter by use, 
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Fio. 20.— Trestle. 
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wedges are employed to prevent the ring coming too high. The crucible is 
placed in the ring of the carrying tongs, which are then lifted, and, just before 
the centre is reached, a wedge inserted, which tightens on further lifting. 

A hand shank for catching cast-iron from a cupola spout is shown in fig. 
22. In capacity these shanks range up to 60 lbs. For larger capacities the 
shanks have double ends, as shown in tig. 2*3. The sling shown on the shank 
of fig. 24 is intended for crane lifting ; but a shank of this description may be 
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Fiu. 21. — Carrying Tongs. 




Fig. 22.— Hand Shank. 




Fig. 23.— Shank. 




Fig. 24.— Shank with Sling. 

mounted on a carriage, as shown in fig. 25. In this case the shank is filled at 
the cupola, and drawn along the track to the moulding floors, where the metal 
is distributed to the moulders, each man filling his hand shank as required. 
A small type of crane ladle is shown in fig. 26. This type of ladle is useful 
up to a capacity of 10 cwts. ; but for amounts exceeding this, every foundry 
ladle should be fitted with gearing, otherwise unsteady pouring results, and 
accidents are likely to occur. When the catch of fig. 26 is released, the stability 
of the ladle is dependent on the man at the pouring end ; and should he by 
chance lose command, the ladle will invert The authors have seen disasters 
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due to tbis cause, and their personal experience is such that they would not 
employ an ungeared crane ladle which has a capacity of more than 10 cwta. 




Fig. 27 shows a geared ladle which, ii 
to 16 tons. The pouring lips shown tire i 



mpacity, may vary from 10 cwts. 
v fitted on most of tho newer type 



ladles, iiud give a much cleaner cast, these ladles are socially applicable to 
cast-iron, brass, or brooM, or to mrface-liluwn Bessemer steel. Ujien-riearth 
steel is not so fluid us surface- Mown steel, ami will Dot, U a rule, adroit of 
pouring over the lip of a ladle ; henee ltuttoui pouring ladles are employed for 
this type of steel. A typical I wit torn -cast nig ludle, titled with swan neck and 
stopper, is shown in li^. 38, 

The shells of all ladle* or shanks are built up of mild steel, and internally 
lined with sand, loam, or couipo. Loam is the best lining for iron or brass 
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ladles, and such a lining will give a imiipaialivclv limp life. Hand shanks are 
lined with red sand, and inverted over a tire to dry. When daubing up a. 
ladle, if the shell is not drilled with small vent holes, strings are kid in the 
lining and withdrawn when it stiffens. Tho whole is thoroughly dried by 
placing a fire on the liottom or sus|ieiiding a Hre-ba.tket from bars laid ncross 
the top. After drying, any cracks are filled in, the surface blackwasbed and 
again dried. The lining must be bone-dry before any metal enters the ladle, 
as even a mere trace of moisture will cause the fluid metal to bubble, and only 

i- completely t 



eject the contents of the ladle. As a 



1 point, the authors have a vivid 
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recollection of tapping 25 cwte. of gun-metal into a ladle, which, owing to 
carelessness on the part of the ladle man, had only l>een partially dried. A 
brilliant pyrotechnic display followed, and the metal was sul)sequently recovered 
in the form of fine shot scattered over a large area. Steel-casting ladles, if of 
large size, are lined with fire-brick ; smaller ones are daubed with compo, and 
when of bottom-casting type, the stopper is carefully fitted to the nozzle after 
drying the lining. In exceptional cases, large ladles for cast-iron are lined 
with fire-brick ; but for normal work and capacities up to 5 tons, a sand or 
loam lining is sufficient. In brass-foundry practice the authors have found 
a lining of rock sand very efficient in ladles up to 10 tons capacity. The 
capacity of any ladle is readily determined as follows : — 

Owing to the taper from top to bottom being uniform, the diameter at the 
centre will represent the mean diameter of the ladle. Diameter squared and 
multiplied by 0*7854, will give the superficial area. This area multiplied by 
the depth of the ladle will give the volume or cubic capacity. This is, 
practically, the method of finding the volume of a casting. Assuming the 
ladle to have a mean diameter of 30 inches, and a depth of 54 inches, its 
cubic capacity will be : — 

Area of Section. x Depth. = Volume. 

(30 ins. x 30 ins. x 7854) x 54 ins. = 70686 x 54 = 38170*44 cub. ins. 

For the moment, we may take it for granted that : — 

A cubic inch of cast-iron weighs 0*26 lb. 

Or a cubic inch of steel weighs 0*28 „ 

And a cubic inch of gun-metal weighs . . 0*30 „ 

The volume of the ladle multiplied by one of these factors will give the 
weight of metal held by the ladle. Selecting cast-iron, this weight will be : — 

38170 x -26 = 9924*2 lbs., or, roughly, 88 cwts. 

When estimating the capacity of any ladle, the depth should be taken from 
the level of the metal and not from the actual top. 



CHAPTER VI. 



MOULDING-BOXES. 

A moulding-box is essentially a frame for carrying sand ; its chief requirement 
is therefore rigidity. Such a frame may be readily constructed of timber, a 
method largely followed in the United States, but only to a limited extent in this 
country, and then merely as a temporary expedient. Cast-iron frames, or 
"boxes," are not only more j>crmanent, but, practically, also as cheap ; they are 
readily made in the foundry, and offer all that is required in the way of rigidity. 
The simplest form of a complete moulding-box is represented by a top and 
a bottom part (in American terminology a " cope " and a " drag "). One of these 

parts is fitted with pins, which 
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Fig. 29.— Bench Moulding Box. 




correspond with guiding holes in 
the other part, thus maintaining 
the two parts always in a relative 
[K>sition to each other. In form, 
boxes may be square, rectangular, 
round, or, in certain special cases, 
designed to follow the contour of 
the castings to be moulded in them. 
The sizes vary greatly, and may be 
taken to range from a tiny "jeweller's 
box," three inches square up to any 
extent within the lifting facilities of 
the foundry in which they are 
worked. 

Fig. 29 gives tho outlines of a 
simple familiar type of bench mould- 



ing box. In this case the lifting handles are of wrought-iron, bent to shape, and 
cast in the centre of the opposite sides. Apart from the greater convenience of 
these handles, it is evident that a series of Ik>xcs, placed one on top of another, 
can be slung in a crane. With snug handles, which are often placed on this 
type of 1k>x, lifting by means of crane slings is impossible. Lifting snugs 
are usually g-inch thick by 3 inches wide by 2 inches deep, and are cast in 
the centres of the opposite ends. Lifting handles are formed of g-ineh iron, bent 
over, as shown in fig. 29, while the ends projecting into the l)osses on the side of 
the box are roughened in order that the metal shall bike a letter grip. The 
method of mouldingsuch a !k>x, and leaving the two ends of a handle projecting, so 
that they may Ik? surrounded by fluid metal, will be readily seen in later chapters. 
Pin snugs are, in form, similar to lifting snugs. They are cast on the 
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am is thereby toot. A betnes 

pa in A, fig. 30, in which it will A a 

is reduced and tapped to tiiki' a I pi fnl 

it nf ]>in is that of I:, fig. 30, the U U 

the projecting shoulder giving U <£^3 

llll Ih.ll Of A. Tilt' sllllgS .>f till' I 



HOCLDraa-Boxn 

■ tab box put, and placed about J inch below lite joint in each box, 
prating top ana bottom part, one set of mugs is drilled to take a boa pin, 

and tin' other at't is drilled to pass over the pin. As a rule, pins are fixed in 
lie' bottom part of eaeli box. Whilst tin- purpose of a pin is lo gem is :i 
j-ni.leiti itwiutiiinmtf the two parts of the txw always in I In ■ same relative pisiiimi, 
1 1 1, -.i \ Is ni pint rariee greatly. In some cases they simply represent lengths of 

nd irnu ri vetted into the snugs of the bottom part This thod is bad, inns 

iijoi-Ii :i- a rivetteii pin always works hiose in course nf litni'. and its chief fillietion 
that nf a true guide is thereby loot \ bet* i 
innii id pin is shown in A, fig. 30, in which ii will 
!«_■ noted the end i 

nut. Tin' list [6rm D 

difference lying in tin- 

:i trnrr l".-iiiiii.L,' than lh.it uf A. Tin' stings o 

botf part an reoeeeed to take this shoulder 

nod drilled for the seized purl. A tint tvudih |.,,.. ;;,■,._. m,,,,],!,,,., u.,, r !r ,.. 

tightens the pin. which, with the si Ider bearing, 

renders it a perfectly upright and true guide. The snugs of the top part arc 
• hilled lo slide easily, hut yet without piny, over tin. 1 pins of the bottom parts. 
With this type of Imx, members nf each size should he inlcrehauiri-abh' : thai is, 

any top part should tit any bottom part of the series, n feature of speeiid n nl 

in plate and machine moulding. This uniformity is effected by drilling the 
whose of the snugs to one jig or template. Joint Faces should be planed, in 
Order that the top parts may lie evenly on the liottom parte without rooking, 
The two pins, A and I!, of fig, 30, have cotter holes cut through them. 
Thi- allows the box, when finally closed, to be eottered down, as Bhown at C 
Obviously, the two parts of a box wedged together in this manner 
will not readily separate when -dressed, 
as in the OSM whi-ti pOUTUlg metal 

into a mould , henee oottering, is many 
cases, dispenses with the necessity of 
C<ljri^T"'=^ p weighting down the top part. 

tJy^^ A two-part box offers only one joint, 

and certain castings may require two or 

three joints in order to mould them 

successfully. A useful type of box for 

^i ~~~— ,-^^D \ this purpose is shown in fig. .'(I ; eaeh 

-<^t^5l i-t^-^""^ part has two sets of pin snugs, and, by 

the arrangement shown, any i 

of parts can enter into a who 

Intermediate parts between too and 

bottom an known as "mid parts? 1 

e iniiilc with stniight sides, but this need 

i boxes which have much handling to stand, U n 

H-baiS are not always desirable, the sides of tad 

part may l>e of \ section. Kach part of the box, therefore, has ii 

be centre, which results, to some extent, in the sand being wedged 

into V grooves, and thereby producing a i e rigid mould. 

The dimensions of bench moulding-boxes are naturally determined hv th.< 
eusss of work to be made in them ; common sizes an 1J inches by 12 inches, 
12 inches hy 14 inches, 14 inches by 16 inches, etc. The depth averages 




Fl«. 81.— Neat of Boxes. 



bench tnoulding-liuxcs n 
Dot nrrrisisrilr la' the case it 
■ moulding, where en 



44 



GENERAL FOUNDRY PRACTICE 



about 4 inches each part, but certain patterns may require an 8-inch bottom 
and a 4-inch top, or vice versa. Hence, if the patterns are not of a standard 
character, boxes are temporarily fixed together to serve as a complete box. 
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Floor moulding-boxes range from al>out 16 inches by 18 inches upwards, and 
the first feature of note lies in the introduction of cross-bars for the purpose 
of staying the sand. A typical floor box worked by hand is shown in fig. 32. 



MOULDING-BOXES 

ota j,^. t j, e gajyp as ; n Sl ualler boxes, but of heavier build. As the 
part may have to be lifted, but not turned over, the erosa-ban I 
bitwise, in order to hold the sand in position when the put is lifted 

ir '"'■--illy. On tlie other hand, the top part has to lie lifted off from the 
/<.<([<- i-iuiud turned over ; hence, in order to carry the sand and stand handling, 
m ban mast ootne down nearly to the joint. They are therefore 
' l '*"-*"j edgewise. Lifting handles may 1* of cast-iron, forming part mid parcel 
Or 'ht box. Such handles, however, (ire extremely liable to hreak off, anil 
™"™** ones are formed liv rusting pieces of bar-iron into the Hides of the box, 
■ ■in round the handle Win'.' strengthened by a boss. Bar-iron of from 
1 in«jj-, to 1J inch diameter, ami projecting from the boas about 5 inches, is 
west .suitable. 

. *— Wwies for I land- working are cast of as light a section as is consistent with 

rift"iity T ^ U8 i La ] thickness being jj-inch for the sides and 4-inch for the 

cross*— ], iLrK . Actually, the sides will taper from finch to i-ineh, and the 

o-.s from 1-inch to jj-mch, the latter terminating in a rounded feather 

«*hj e - Weight is of moment when all operations are by hand, as the authors 

hnvij? realised by painful experience. Boxes handled by cranes come under 

;umt_>, IT category, for, aa a ride, they have much severer conditions to meet. 

Not only ,ire the easting stresses greater, but the taxes, in course of handling, 

'"'■'>' iilso lie subjected to sudden shook 

IJ1 ) : «- »- ; hence the section of crane taxes 

" us >-vavs heavier than that demanded by 

"-" lily alone. 

A part from the heavier section, other 

"" * ' Ms of note are found in the replaee- 

'"'■'" t. of the earlier type of lifting handles 

P? ^'•vivrW, the ends of which are enlarged 

j? * collar to prevent the slings from 

* 'Pl->ing. As with handles, these swivels 

h*T °* ttl in tnc D0X ' ** ie s ' c ' e °' tnc '"'^ 

t f~* U **a strengthened, its in fig. 35, where 

U f*z **rWels enter. A specially -trim- [s \*<- 

w .j . > **x const ruction is shown in tig. 33, in 

l ,.'' , ' i > a new form of lifting handle will be noted. These handles vary, 

^^'•"•hiig to the weight of the tax, from 1 to 2 inches in diameter; they 

j n ° Verged to shape and cast in the side of the tax, being strengthened 

W j. .^ic locality of the handle, as in preceding cases. A similar handle 

pi, ,IC noted on the bos shown in rig. 34, and it will also be noted that 

'I' I '. Mugs are replaced by a flange running the full length of the joint. 

j n i*** hre shows a departure from the flat type hitherto considered ; it is 

jH ~!"**ided for moulding columns, liners, and articles of similar form. The end 

' : '-HL'cd similarly to the joint, and recessed in the centre. Thus, if a short 

pZ* t .' ,1 g Is required from a long pattern, during moulding, the pattern may 

' j '.'J"< 1 through the ends of the tax, which permits of the use of a short box 

" ** t! «h] P b) the casting, and unaffected by the pattern. On the other hand, 

ore lengths may be bolted together, end on, by means of the flanges 

'''"' bolt holes shown. This permits of some elasticity, mid dispenses with the 

■. of stocking lung taxes which may only occasionally he required. 

l1 '" j i Banges serve for the 1«>* pins, and also for bolting the two parts 

i when finally closed. Another type of Hanged box is shown ill fig. 36, 
.... ross-lwira, and is lifted by means of swivels. This, again, 
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represents mi " elastic " type of box in that any number of parts may be fitted 
together, a grid or grating being l>olted on to the lowest one, and the upper- 
most one surmounted by an ordinary flat top part. The holes shown in the 
sides of the Itox serve for the introduction of wrought-iron cross-bars, which 
may be arranged to suit the pattern, and be wedged firmly into position. 

Much ingenuity is exercised in jobbing foundries in fitting up stock boxes 




Fin. 34.— Coli 

arying class of work. The object of a jobbing 
ve as wide a range of patterns as possible, in 
order to keep the stock within reasonable limits. One aspect of this is found 
in the built-up l»i. Thus, if the four plates forming fig. 35 are cast separately 
instead of as a whole, and the comers fitted with flanges- for Itolting together, 
then, by the introduction of two shorter end plates, a narrower box is obtained. 
Obviously, a series of pairs of plates, 
differing in length and depth, will 
offer any amount of latitude in size. 
An ordinary top part may be formed 
by bolting four plates together for 
the frame, and bolting the necessary 
cross-liars to opposite sides of the 
frame. Bottom parts maybe formed 
in a similar manner, or, in certain 
eases, they may l>e replaced by grids, 
used as in the case of fig. 35. 

This method of Itolting up has a 
distinct value, but is only applicable 
to the conditions cited, that is, to 
the jobbing founder, whose work is constantly changing in character. 

Standard patterns are, or should l>e, made in standard lioxes ; in this case 
the keynote of standardisation is found in conformity of box to pattern. 
Circular castings, such as wheels, should lie made in round boxes, large 
enough to take the patterns, but small enough to dispense with unnecessary 
ramming. The object of the founder engaged on repetition work, or work of 
standard character, is to produce a mould with the minimum amount of 




Fig. 35, —Plunged Box. 
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case of less moment than in the case 
iplc reason that they are continually 
loulding inure tiian covers the coat of 



labour. The cost of boxes is in 
of the jobbing founder, for the 
in nue, and the economy effected 
Iwxes. 

Owing to the fact that, practically, any form of moulding-box can l>e 
made, it is impossible to enumerate separately each particular shape in use. 
The following leading examples will, however, serve to show the purpose and 
design of special Iwxes, and they may be amplified hy the reader to suit any 
particular case. Thus, fig. 36 shows an ordinary flat box, with an enlarged 
end for taking the head of a stanchion or other Himilar article. It also 
illustrates a method of cramping tbo two half-boxes together by means of 
hooks and oyes. In certain cases, as with columns or stanchions having 
central projections, a Ikix with an enlarged centre may be used. Fig. 37 
shows a flat box, with a cut-out central portion, such as is used for moulding 
flat register fronts. The economy in this case is readily apparent ; for if, in 
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Fig. 38. — Box with Enlarged Ends. 

moulding, the whole of the centre had to be rammed up, the day's output 
would be seriously curtailed. In fig. 37 the cross-lHirs come down to within 
j inch of the joint, and the depth is usually alwut 4 inches for each part. In 
the case of a curved front, as, for example, the familiar tiled stove, the top 
part of the mouldiug-t>ox follows the contour of the pattern, as in fig. 38, a 
portion of the centre being cut out, as in the preceding case. Tliis form of 
box gives in the top part an tn\»n\ depth of sand, resulting in the minimum 
amount of ramming, and, owing to the curvature of the bars, entirely di.-ipciiM- 
tfig with lifters or other auxiliary aids for lifting. 

In certain special cases, moulding-boxes are hinged, and the top, instead of 
)>eing lifted off, is simply turned up and propped in order U> draw the pattern 
jind finish the mould. The hinges u.-aially take the form of a ball and socket. 
Evidently such a lift will not be vertical — a matter of little moment in flat 
work, hut of importance in other classes of work. 

With, some classes of work it may be necessary to make the middle |mrt 
of a moulding-box serve the purpose of a core-iron, and, in certain cases, this 
method will permit of the use of a green sand core, and the one core-iron can 
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be mode to servo any number of cores. Without entering into details of 
moulding, it is somewhat difficult to describe the use of a mid part as a core- 
iron ; however, the sketches shown in fig. 39 will illustrate one application of 
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Flo. 37.— Flat Register Front Box. 




Till) Register Front Box. 



this principle. This box was designed to make a series of eastings which 
were practically square pipes about 3 feet 6 inches in length, one end of the 
pipe being bent through an angle of about 45°. For reasons which need not 
now be given, the bent portion of the pipe had to be made uppermost. By 
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tie usual method of moulding with a dry sand core. Axing and nminUiniiur 
the core in position by means of chapleta would I* a matter of some- difficulty. 
The box, as shown, removes this difficulty, incidentally reduces risk of wasters, 
and increases the output by 75 per cent. An examination of the detail* of 
the bo* will show that the middle part or core-iron eomiats of two pieces 
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t jolted tajjether. The raised end of this middle part has the same width >■» 
th*r Utttotn part, and fits the two Hide pins shown on the bottom jairt. The 
actual core-iron enters into the lxittoiii [art, the end pin* of whieh serve as 
ifuidea- When the middle part is in position, the top ]iirt, which in 
provided with side handles, fits the four pins of the bottom jmrt, and it* upper 
surface is leTel with the rawed end of the middle part. When the lmi i* 
cramped, the middle part cannot possibly move : and. on eleaniuii the eastiiim, 
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sand is first removed from the vicinity of the bolt heads, which may then be 
loosened by means of a T-headed key. On removal of the bolte, the halves of 
the middle part may be withdrawn from opposite ends of the casting, and 
bolted together again for further use. 

Before leaving 711011 Id rag-boxes, some reference is essentia) to an important 
class known as "Snap-Flasks." Such a flank is shown in fig. 40. It is built 




Via. 40.— Sup-Flute 



of wood, fitted with adjustable pinB, hinged U> open outwards, and provided 
with locking apparatus, as shown. In reality, a snap-flask is a moulding-bo* 
so constructed that on completion of the mould it can be removed, leaving 
the mould ready for pouring. Usually these flasks are rectangular in form, 
with flat joints; but, as with moulding-boxes, there is no limit to shape or 
contour ; round flasks, and flasks having irregular joints, are used when the 
character of the pattern warrants such use. 



CHAPTER VII. 



HANDLING MATERIAL LN THE POTTNDBY. 

From preceding chapters it is fairly obvious that a large amount of material 
has to be handled in the foundry, and, naturally, the better the facilities 
provided for this purpose the greater the output. 

Taking first a light foundry, in which floor lioxes are worked by hand, the 
beat distributing facilities are found in narrow gauge tramways which admit 
of wide application. Thus they serve the purpose of distributing molten 
metal, moulding-boxes, and facing sand, the removal of castings, and so 
forth. This involves the foundry floor licing divided into sections in direct 
connection with the cupolas, trimming shop, sand and box storage. The 
cupola hoists are, in turn, connected with the coke and iron stores. Naturally, 
the track arrangement will vary with the class of 
foundry, but, in general, it should lie so laid out as 
to minimise hand carriage and to divide the floor 
into sections, each of which may be kept to separate 
classes of work. Turn-tables, which may work 
. either on rollers or ball-bearings, are provided at 
each junction. Light flat-top trucks arc most 
mi li table for pig-iron and 1m>\oh, whilst tipping-skips 
lire used for sand and coke. Molten metal is dis- 
tributed by means of a liogie ladle, the moulders 
collecting from it in hand shanks. 

In certain classes of work, an overhead track, 
working iu conjunction with an outside floor track, 
is of advantage. By means of the yard track, 
material is carried just inside the foundry and then 
luindled by the overhead runway. In primitive 
form, such a track is found in many foundries, and is represented by a pair 
of sheaves running on either side of a beam. From tiie sheave a hitok is sus- 
pended on which a chain block and tackle an! hung. The la-am of I-section 
in fixed on the roof girders, and the travelling distance of the sheaves is 
represented by the space between two girders. A type of carriage for such 
a beam is shown in tig. 41. A development of this system consists in 
suspending a track below the roof girders, thereby enabling a much larger 
portion of the floor to lie covered, anil also serving the purpise of distributing 
metal from the cupolas. A continuous line is thus provided ; this system has 
met with wide adoption in agricultural-implement and stove-grate foundries of 
America. A suitable roof arrangement is shown in fig. 42. A further 
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improvement consists in attaching a pneumatic hoist to the carriage, which is 
com ioc ted to mi air reservoir by flexible piping. 

There is, however, 11 limjl to the applicability of overhead tracks ; for whilst 
they possess many advantages in a foundry handling uniform, but not heavy, 
loads, they ;ire certainly not advisable in ■ -sinew where the loads vary lietween 
wide extremes, as in the ordinary jobbing or engineering foundry. Here 
cranes are essential. Viewed from a purely foundry point of riaw, B cmuo 
should In 1 quick in action, always under perfect control, und jiive an ati^'lntclr 
steady lifl. Thi'\ may be operated by hand, strain, hydraulic, or electric 
power, and van in capocitj from 10 cwts. to 50 tons. Internal foundry 




cranes are confined to the jib and overhead travelling type. LoCOtaotlM 
cranes are, in certain cases, used for handling heavy castings, lanes, and molten 
metal, but these oases are extremely limited. 

Taken generally, an overhead traveller is most serviceable for foundry work, 
and it may be operated by hand, steam, or electricity, or be driven liy means 
of a shaft or rope drive. Steam may have advantages in certain cases, a-, for 
instance, in an outside travelling crane ; but, in a foundry, steam travellers are 
always a nuisance. Hsimi travelling cranes are also objectionable, and arc 
certainly not desirable when tin- ca|>acity exceeds three tons. Viewed from 
Ha l"-.i Bide, a hand-power crane will take eight men fifteen minutes to lift a 
load of fifteen tons fifteen feet, biirh. From a practical point of view, R fire boa 
hand traveller »ill require three men to operate it. and, when loaded, will take 
a considerable time to travel, a point of special importance in casting, for 



molten metal should he handled .|uiekly. Ono ease within the authors 
•nuituoi is that >>i a ii"' Ion i ravoller, operated by Foot men, taking twent] 
1 " ' [ ' r 1 1 h ■-, to distribute &ve i-piis of molten metal ; whereas, under RH nm 

' i J 1 1 -A tl i ii -•_■--. a ji'rii ' - h - 1 < 1 1 ■ i>p>-nited by ! oiaa WOtlM do the same tt"l'k 

«" eight minutes. 

Therefore, apart from initial or operating Costa, a vital point with al 
. tint of uonvenience, and. if largely naed, the oranea must 
"livilv respond lo all demands. Thin response is obtained in the shaft 
"riven traveller operated by a rope drive. In thin the slow and heavy drive 
,,r 'he shaft is replaced by a quick running rope, the untie being aetuiitec 
""'" a page by means of open anil crowed belts. Tin' introduction of the 
■ ■i.m of electric power baa yielded a type <>f Foundry oraoe exoeedingij 
•"wafactory bora the two-fold point of vien of uae and operating coat. A 

m '*lcrn electrically npcmti'd crane is capable of quick and steady work 

™**Miiig or lowering oan l*' perfor 1 with an absolute absence of jerkinem 

J ■ '''■' '- ■■'" v-.-.-nti'l Feature in either drawing a patter ' eloer&g a mould 

'"■■ iUthora bare found cranes like that shown in tig. }:!, ami manufacture* 

> Messrs. iirimitlx rii a- Sons of 1 luddersfield, to In; extremely serviceable ii 

'"'^'iilrv work. Thia crane is of the four-motor type, bus u. maximum capacity 

'" *C tout,, ami is provided with an auxiliarv 5-toii hoist. The working speed's 

oflowa:— 
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J 1 -»ii, h..wt (20 tons), 
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30 
200 
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15 
15 
15 
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500 80 rain*. 
500 30 ,, 
500 30 „ 
500 30 ,, 


lighter loads are lifted and moved at quicker speeds without change o 

■"' ' * *\ The maximum capacity of a travelling crane should be such as amply 

' ■ iv.i (la- heaviest work made under it ; but in the majority of ease- mmi 

" *- fcm work will, in compariaon with the maximum, he of a light character 

" ' ■ ..'. an; traveller exceeding 20 tons total capacity should be provided with 

lit **miliaiy hoist in order to cater umiv ■■rHi kntly for the lighter work 

. * • -*ther this combination will etf'cetually supply all requirements depends 01 

xaunber of moulders "'irking in the bay traversed by the crane. Often ii 

~'??* »g a large 'Id the traveller may be tied up for several hours, and tin. 

1 ' - of course, retard the progress of work on other parts of the floor. Difti 

' . *- i bn of this character may lie overcome by having two travellers running or 

■■1 of rails. However, the authors prefer supplementing the over 

'" • traveller by means of jih ri-mes fixed to the wall cokiuiUB. An idea 

M,i hi i • a Foundry equipped with one 1 raveller running the full lengtl 

* "si.h bay and capable of handling the heaviest loads dealt with ; while tt 

" ' 1 u i(,, routine work, jib cranes are arranged lielow the traveller to cove 

l 1 ***^ trndly the greater part of the moulding floor; those, by providing fo 

*'* the lighter lifts, e.-i 1 1 ■ t i'i 1 tiit <- largely in iniitiiiuooa work, Jib crauus als 

!■,,■ purpose, when required, of connecting different bays >>f a foundry 

:., ii means loads may lie passed from one traveller to another. Thi 

'i i plan tluui lowering the load on to a truck in one bay and rumiiii, 
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onneB, such U thou shown in tigs. H and *5, manufactured by Henr* 
i;i.iiir.'l.| a- Kennedy, of high service in the direction indicated. Fig. 44 
gives tin 1 details of a 5-ton hydraulic crane by tins firm. Thia tyj [ 

Wane takM up rerj little floor tutsii'i'. the | .1 1 1 ■ i In-irig earrie-l fi'i.ui nin- .ii' i|,.' 

shop columns, and the jib pieced at ;i auffkieut height to suit the chiss of «urk 
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being made. The lifting cylinder is shown I Kilted to the front of a column. 
The burden chain has one end hied to the cylinder, then passes over the 
various pulleys on the rani head and cylinder cover up to the guide pulleys on 
the jib and along to the hook block, the other end of the chain being fixed at 
the point of the jib. Turning or slewing is also effected by means of hydraulic 
power. For this purpose there are two cylinders, one for turning in either 
direction. One of these cylinders in shown bolted to the side of the column, and 




' rams in this instance are inverted, working towards the floor. One end of 

Efl(? slewing chain is fixed to the cylinder, then passes over the pulley on the 

, * J * head and cylinder cover. The other end is secured to the slewing drum 

_* *"*^*n round the mast above the bottom pivot bracket. Racking out and in 

^.■t*ie load is in this crane effected by hand power. The bogie runs on four 

j**^ntalong the jib, and the bogie frame carries two guide pulleys for the 

'^*^Jen chain. The hook block consists of heavy cheek blocks to overcome 

^ weight of the chain when lowering empty. Ball-bearings are arranged 

l **«the neck of the hook, so that the loud can be easily turned round. The 

7**Ye« for lifting and slewing the load may be fixed at any desired place 
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convenient for working, pipeij being led from the valves to t 
cylinders. 

Fig. 45 shows another type of crane by Messrs. Glenfield 4 Kennedy, in 
which all motions, lifting, slewing, and racking, are performed by hydraulic 
power. This type is suitable for whops having no great head room or height, 
and is shown bolted to a wall. The cylinders are fixed to the crane structure, 
and revolve with it. The valves are arranged on a platform under the strut 




Fio. 46.— Hydraulic Jib Crane. 

of the jib, so that the operator has full view of the load being manipulated. 
When there is a space available between the crane and the wall, the valve 
platform may be placet! behind the mast, thus leaving all the floor area under 
the jib clear for working purpones. The lifting cylinder is placed between the 
mast uprights, the slewing cylinder behind the mast, and the racking cylinders 
along the jib. Supply water is led into the crane through the top pivot pin, 
and eihaiist water is taken buck to ;l return main through the same pin. 

Whilst crani'H have, as a rule, to he taken as they stand, and the foundry- 
man must of necessity yield to the engineer, such is not the case with tackle 
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employed for slinging a load. In considering lifting, apart from the weight 
handled, the first essential is always that of obtaining a true balance. A 
complete mould is not necessarily an evenly balanced structure, and its centre 
of form may not t>e the centre of gravity. Obviously, moulds of irregular 
contour require very careful slinging during carriage to or from the drying 
stoves or when otherwise handled. 

A common type of chain sling has a ring in the centre which passes over 
the crane hook, and two chains attached terminating in hooks at each end. 
In lifting an evenly balanced mould, the two hooks may be passed over the 
central trunnions or on two diagonal handles. In other cases, the chains may 
be passed round the handles and the hooks caught in the crane ring, thus 
forming a loop. Such a sling does not permit of ready adjustment in its two 
meml>ers. To some extent one chain can be shortened by twisting or insert- 
ing sprigs between the links ; methods which are, however, dangerous and 
inadvisable. Another type of chain sling consists of a chain with larger 
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Fio. 46. — Lifting Beam and Sheave. 
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Fig. 47.— Solid Sling. 



"iterinediate links, through which the end hook may be passed, thereby 

J^^fcitting of loops of various lengths being formed. However, the best 

* n 8 is formed of a chain of equal links, but terminating in claw hooks (see 

#• 48). These hooks readily grip any link, and offer very fine adjustment. 

J" u ^ n & ^ ne chai 118 aro passed round the box handles and hooked on to equal 

^**. A slight pidl on the chain will readily show whether the balance is 

. '"tjet or not. If correct, both chains will be equally tight ; if not, the pull 

j. Pleased and the slack chain adjusted until a balance is attained. These 

H*?8 are made in various sizes, and the capacity of each size should be marked 

£ **he hook or ring. In many cases, as in turning over boxes, lifting castings 

i % *** a mould, and so forth, it is difficult to estimate the stress put on a chain ; 

^*J0 it is important to allow a wide margin of safety. 

fv -Above a certain size, chain slings will not span the box, and, further, it is 

yJ~^Q desirable that the slings should be vertical. This introduces the lifting 

^^*B, of which a very useful form is shown in fig. 46. Chain slings may be 

u *^4 on this beam by passing the top ring into any one of the V notches. When 

a **H>uld has to be turned over, two slings of the type shown in fig. 47 may be 
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placed in notches equidistant from the centre. With these slings only one 
part can be turned over ; hence their use is limited. The endless chain and 
pulley shown on the beam in fig. 46 permit a full mould being turned over 
whilst suspended. When three lx>x parts form a mould, the chains are passed 
over the two lower trunnions only, the mould is hoisted clear, and the whole 
turned over. With wire, little or no jerking occurs in turning over, and 
slings of this type are of high utility in many foundry operations. The beam 




Fig. 48. — Heavy Lifting Beam. 

shown is preferably formed of mild steel or wrought-iron. Cast-iron and 
wooden beams are sometimes used, but are not verv reliable. 

A type of beam used in handling loam moulds is shown in tig. 48. This 
is readily formed by planing oft' the two projecting flanges on one side of a 
mild steel girder of I -section. Two lengths of from 6 to 12 feet, according 
to likely requirements, so treated, give ] [-sections, which, bolted together, 
give a double thickness in the centre and form a strong beam. Lifting 
shackles are fitted as shown in fig. 48, and two wooden battens fixed on the 
upper surface at either end. ('bain slings fitted with claw hooks are used 
with this beam and passed over the battens on which they grip. The degree 
of adjustment offered is found in each chain member by means of the claw 
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hooks and in the freedom of movement of the slings themselves to or from the 
centre of the beam. The slings being vertical do not catch the sides of the mould, 
and the adjustment offered allows an evenly balanced lift irrespective of the 
distribution of the load. By means of this beam, practically any form of loam 
mould can be handled, provided care is used in slinging it. Fig. 48 shows 
the method of suspending a load. In certain cases, beams in the form of a 
cross are employed. In construction these are similar to the one described, 
but have four shackles instead of two. In the case of a lifting cross, shackles 
are far better than a central eyebolt. Crosses are, however, not very largely 
used. 

When handling large cores or drawbacks of irregular form, an adjustable 
sling is useful. These slings are composed of three chains attached to a 
central ring for passing over the crane hook, and fitted with 
ordinary hooks at each end. A shackle in the centre of each 
chain is provided with right-and-left-hand screws, and the 
chain can therefore be lengthened or shortened by means 
of the shackle. A sling of this description permits of adjust- 
ment without releasing the load. When a load has to be 
passed from one crane to another, a change hook, as shown p IG 49. —Change 
in fig. 49, is used on the crane hooks. The applicability of Hook, 

such a hook is apparent, and, by its aid, ladles, etc., may 
be passed from one crane to another without being set down on the floor. 

All chains in foundry practice are subject to very severe service, and 
therefore require frequent examination. Owing to the dusty atmosphere, the 
wear is relatively rapid, and working temperatures vary within wide degrees. 
Further, chains are often subjected to very severe stresses ; as, for example, 
when hauling out a casting from a pit, and they are often permanently 
deformed by such treatment. The danger is that after such deformation one 
or more of the links of the chain are liable to fracture under a comparatively 
low load. Without quoting the hackneyed " weakest link," frequent inspection 
of chains is obviously demanded. This inspection should be more stringent 
in frosty weather, or when the chains are used on hot castings. In addition to 
inspection for apparent flaws, a good rule is to anneal the chains at least once 
a year. 






CHAPTER VIII. 

OPEN SAND MOULDING. 

As indicated by the name, an open mould represents one which has the upper 
face uncovered, and can therefore only be followed when the top surfaces are 
horizontal. This method is largely employed for making boxes, foundry tackle, 
floor plates, and the like, where one rough surface is immaterial. Patterns 
may be provided, but in the majority of cases the moulds are made up to size 
by means of straight edges and templets. Fig. 50 shows the pattern of a 
furnace top 1£ inch in thickness. In making the mould, part of the floor is 

dug over and riddled to a 
depth of 4 inches. The pat- 
tern is then bedded down 
until its upper surface is level 
and the under layer of sand 
uniformly solid. The top 
surface must be level, other- 
Fio. 50.— Flat Plate. wise the casting will vary in 

thickness ; hence a spirit level 
must be used in bedding down. When level, a weight is placed on the pattern 
to prevent it moving, and sand firmly tucked round the edges. The surplus 
sand is strickled off to bring it level with the top of the pattern, and then 
smoothed over with a trowel. A small basin or " runner " is formed at one 
end, and a channel £ inch deep cut at the other. The pattern is then drawn 
and the mould ready for casting. The bottom of the runner is level with the 
top of the pattern, and fluid metal poured into it runs over into the mould, 
filling it, until at a height of 1 inch it flows out at the channel already 
mentioned, when pouring is at once stopped. 

All open sand moulds are made thicker than the desired castings, and over- 
flow channels are cut to bring the mould to the required depth. These 
channels at once indicate when sufficient metal has been poured in. If the 
mould had to be filled right to the top, it would be almost an impossibility not to 
overrun the edges, which in the cold easting would leave fins to be broken off. 
The provision of a run-off at once secures the right depth and a casting with 
clean top edges. 

The foregoing method has been given, because it is often followed ; but it 
is evident that by this method every separate mould has to be levelled by a 
spirit level. When more than one casting is required, this is obviated by 
" striking " a level bed, the surface of which will form the bottom of the mould. 
Such a bed is formed as follows : — 
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T*o rtraisht edges form its outside boundaries, and must lie set absolutely 
level themselves and with each other. In Mm ftirwrtwn of its length each 
«traight edge is set by [ilmiiiij, I In spirit IctbI dj r ast ly oa It That* 
wipes are set to each other by usiiijir a third straight edge placed Heroes them, 
_: the indications of a spirit level placed in the centre of the trans- 
verse straight edge. As will lie readilv seen, if ■ Urge bed is Wing formed, 
this is a matter involving two pairs of hands and some little practice. The 
inn ttnfejfal edges set, they are then rammed firmly in position. The sand 
between the straight edges is passed through a J -inch riddle, distributed 
equally sad lightly rammed. Hamming should be light and uniform, the 
■ _ to obtain a compact bnt not hard dims. The ranuuing will tanrf 
lauding to the character of the wiatings to lie made on the bed. If simply 
bgbt thin plates, a suitable bed may be obtained by treading the sand. On 
the other hand, if the castings are heavy, the l>ed should lie rammed by the 
i»irging rammer. This is most effectively done by ramming erne course iiIk.hI :l 
nehea baton the level of the straight edges, and a second course slight h abovfl 
then level. The surplus Band is striekled ort' down to the level of the straight 
bJbjb A layer of sand, about h inch in depth, is riddled over tb 




Fig. 51.— Mould for Fist Plate. 

P"**sd down by a straight eflge and striekled off. This should give a leva] 

~™ of good surface. With a pattern such us already ileseril»:d. all that is 

- to lay the pattern flat down, make up the edges with Band, and 

I 'vn],. ;l ntnoer and flow oft". A series of moulds can be made 01 a bed, 

. l "ley must be placed so far apart that the sand Forming the Hides -hull not 

"''in.] away by the wash of the metal. These sand walla separating one 

,'"''''1 from another may !"■ strengthened by laying on small weights, the 

Jl ''t of such weights being to prevent n side wash and not an upward lift, 

"" Complete mould is shown in fig. 51. 

A bed inch ;is tleacrilied is, for the most part, used for making up tackle, 
'; bach Base patterns are not provided. Thus, an ordinary building plate is 
the lied as before, and marking the outline of tin , ' 

L and the 



.' '*'■ by preparing the lied as before, and marking the outline of the plate o 
' \ wvel surface. Sued plates vary from 2 to 3 inches hi thickness, Mid I li 
J!jjJ** dimensions vary according (■> the class of work. A usual type, with four 



b'li, 



:.:■■ and central cross cored out, is shown in fig. 52, In making it up, 
I lines at right angles to eaeli other are liuirk.'il mi I he bed, The 
'"'''■i:'-- .if tlir central npotiing are then marked out, the core Formed l)j 

".' Wag blocks of wood in position and rni ing sand in tin sjttci' ui f. n-i I. 

" ■' - inch plllte is lieing inaile. these blocks should he it inch's ibiek 'Hid tile 

: .--I to the top. Two such blocks are held on each side of the out- 
Bo*iion the sand between loosened by a trowel, in order that the core shall have 
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a better grip ; handfuls of riddled sand are then placed between the blocks and 
firmly tucked in. Stability is further increased by pushing in sprigs, about 
6 inches in length. The top of the sand is brought to the same level as the 
blocks, which are then moved down until the whole of the outline has been 
followed. Square corners are cut off with a trowel, in order to obtain the 
rounded form shown. Four lines are then drawn by setting a straight edge 
parallel to each central line, to form the outside of the plate. The snugs are 
marked out, and should be so placed that two diagonal ones will give an 
approximate balance to the plate when lifted. The outline is then made up, 
as in the case of the core, by holding a block of wood in position and ramming 
sand to it. Junctions between snug and plate are rounded off by hand. Two 
runners are made on the joint, as shown in fig. 52 ; and, before casting, the 
central core is further steadied by placing weights on it. The foregoing 
represents a simple case of moulding without patterns. Round plates are 
marked out by means of trammels, a small block of wood being set in the bed 
to serve as a centre, and from it a circle is described of the required diameter. 




Fig. 52.— Mould for Building Plate. 

For making up, a block of wood may be cut of the requisite curvature, or, 
as is more usually the case, the moulder bends a piece of sheet iron to serve 
as a segment, and uses it as a guide to make up the sand. Building rings are 
made in the same way, except that in this case two circles are struck, giving 
internal and external diameters. The inner and outer circles are made up 
with sand, as before. When these rings are required in halves, they are split 
across the diameter by inserting two iron plates in the mould, which is then 
poured as two separate castings. Plates } inch in thickness are effective. 
They are cleaned and rubbed with dry plumbago, and bedded in the mould so 
as effectually to isolate the two halves. 

When several plates are required of the same size, they can be cast in one 
mould, as follows : — The sides of the mould and any cores are made up to a 
greater depth than the thickness of the total number of plates required. The 
first plate is poured, care being taken not to exceed the required depth. The 
surface is covered by a layer of parting sand, and the plate allowed to solidify. 
When solid, the second plate is poured, and so on. When cold, the separate 
plates are easily parted from one another, and, although their surfaces are 
rough, the plates make very serviceable building plates, and, moreover, 
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are very quickly made. It may be well to note that plates made in this 
manner seldom exceed one inch in thickness. 

Obviously, by the use of straight edge and trammel, quite a variety of 
shapes can be readily marked out on the bed, and such shapes can l>e readily 
made up by using strips of the required contour to follow the outline 
marked. 

A method introducing another principle is found in making core gratings 
from a combination of wrought- and cast-iron. This subject really Iwlongs to 
core-making, but the method may be illustrated in the case of a fire-basket. 
These baskets may be round or rectangular ; taking the latter form, a frame 
is made up, as shown in fig. 53, J -inch nnil rod (a variety of cheap wrought-iron 
largely used in foundries) cut to the required length, is spaced 1 J inch apart, 
as shown. On casting this frame the rods are firmly fixed ; a second and 
similar mould is made, the first casting inverted, and the free ends of the rods 
placed in the mould. Two eyes are sunk in the sand, with ends projecting. 
On pouring in metal, the rods and eyes are fixed, and the complete casting 




Fig. 53.— Mould for Fire-Basket. 

presents the appearance shown in fig. 54. A series of loose bars laid across 
the bottom at once gives a convenient and portable fire grate. 

Further examples of open sand work are found in making moulding -boxes. 
In this case a full pattern may be provided, or simply an outer frame. As- 
suming a complete pattern is at hand, the first step is to dig a. trench and set 
the pattern level. It is then weighted to prevent displacement, and is ready 
for ramming up, an operation requiring care. All moulding-1 Mixes are east 
joint-side down. Thus, in the case of a top part, the cross-ltars do not reach 
so far down as the outer frame. Sand must be carefully tucked under the 
outer frame and the cross-bars, and the laist lools for this ]mri>ose are the 
fingers. Any soft places will result in nwelling, and if these are on the joint 
their removal is necessary liefore the halves of a complete box will lie 
truly. Given a pattern set perfectly level, and the sand solid below the joint 
edges and bottom of the cross-bars, the whole of the inside may lie rammed 
up. Floor sand passed through a quarter riddle is sufficient, and in ramming, 
the pegging rammer alone is used. 

Ramming is not mere sand pounding, but rather an operation requiring 
skill and judgment. The ideal is to compress the sand into a compact but 
not bard mass. Ignoring other conditions, it will be seen that if the sand 
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between the cross bars is rammed into a dense hard mass, the pattern cannot 
be removed without doing considerable damage to the mould. On the other 
hand, if the sand is not rammed compact, the casting will swell ; in other words, 
there will he a lump on the casting corresponding to every soft place in the 
mould. Uniformity is best obtained by lightly ramming thin layers of sand 
between each bar. This is continued until the sand is level with the top ; 
it is then stricklcd oft' and smoothed over with a trowel. The pattern is then 
tapped all round the outside with a mallet, in order to loosen it and facilitate 
its later removal. The outside now remains to be rammed, and provision 
made for the lifting handles and pin snugs. The position of the pin snugs is 
marked on the pattern, and is usually slightly above the joint. Sand is 
levelled off to the lower mark, and a loose snug pattern laid on. Sand is 
rammed Rush with the top, and the whole levelled off Tor 2 inches round 
the snug, which is then withdrawn. On this level joint a piece of flat core 




Km. 54.— Fire- Banket. 



is laid butting close up to the pattern. Instead of a core, a piece of flat cast- 
iron, daubed with oil and sprinkled with [>arting wind, may be used. The 
object of this covering is evident, and the ramming is continued above it until 
the top is reached. The whole of the snugs arc formed, and the two sides 
rammed up. The position of the handles is marked on each end of the box. 
Occasionally, box handles are of cast-iron ; in this case a round bush, 8 inches 
long, is rammed up with sand, and a peg 1 inch in diameter driven down its 
centre to a distance of 5 inches. On withdrawing the peg, the sand round 
the top of the hole is sleeked away in order to form a fillet. The hush is 
then laid in position flush against the pattern. Two conditions arc of 
moment: (1) in making the core for the handle the peg must lie driven in 
straight, and parallel with the sides of the bush ; (2) the bush must be placed 
horizontal, and true to mark, otherwise the handles will be askew. 

(."ast-iron hat idles are not safe for heavy boxes, and a piece of round bar 
iron is far more effective. In this ease cores are made to give an increased 
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thickness on the side of the box, find a boss of metal to surround the handle. 
The core shown in fig. 55 is placed in position, and a piece of liar iron 1 inch 
in diameter by 6 inches long is pushed through the round, hole. 

Handle cores are rammed up with the two ends, the whole is stricklcd off 
level with the top, and the pattern is ready for drawing. AH loose sand is 
swept off with a dry brush, and the surface of the sand slightly moistened by 
sprinkling water with a "water brush." It will be remembered that the 
inside has already been loosened somewhat. Further loosening is effected by 
jarring the four lifting peg 1 * shown on the pattern, and tapping the aides. 
The pattern must be drawn perfectly level, and, according to ita size, will 
require from one to four men. During drawing, the box is continually tapped 




by a lK>y on either side; and if the ramming has been properly done, this 
jarring, assisted by the taper of sides and cross-liars, will result in a clean lift 
without starting any of the sand. All loosened sand in replaced, using a strip 
of wood as guide, and smoothing down with a trowel. 

Handles and snugs are already provided for, find, after the loosened sand 
has been all replaced, the mould is ready for casting. Two runner bushes are 
placed over two opposite corners, weights arc placed on the wind between the 
cross-bars to prevent a side wash, and over snug and handle cores to prevent 
an upward lift. The mould is made J-iiich deeper than required, and a flow- 
off cut to this depth indicates when the right height of metal litis been 
obtained, and gives a clean top by preventing an overflow. 

Practically, the foregoing applies to any box having a horizontal top 
surface. Bottom parts are mode similarly, except that the cross-bars are 
placed flat instead of crosswise. If trunnions are required, they are formed 
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in cores, as in the case of handles. If flanges replace snugs, the flange is 
moulded precisely as a snug, but the bearing for the covering core is carried 
further back. 

Middle parts are often made with an inner projecting strip. On the 
pattern this strip is loose, the inside is rammed • up first, the pattern drawn, 
and the strips removed by drawing them outwards. The pattern is then 
replaced and the outside rammed up. 

A full pattern is not always provided. Often an outer frame serves for 
top and bottom parts. In this case two loose cross-bars are made, and, after 
levelling the outer frame, the inside is formed by placing the loose bars in 
position and ramming them up. The first bar is drawn, set in its next 
position, rammed, and the process continued until the inside is completed. 
As in all moulding operations, it will be seen that a certain elasticity is per- 
missible. From an outer frame with guide strips for cross-bars, any type of 
box can be formed. In certain cases where the top surface is not a horizontal 
one, or where flanges and inner strips are required, as in a middle part, on 
both joints, open sand moulding cannot be followed. 



CHAPTER IX. 

CORES. 

C0RS8 are employed to cut out metal, as in the boss of a wheel ; or to form 
the internal portion of a casting, as in a valve body. In character they vary 
infinitely, and may be of such a nature that a young boy will produce hundreds 
in a day ; or, on the other hand, so intricate that a skilled man will require 
days of hard work to produce one. 

The inherent requirements of cores are similar to those of moulds, i.e., the 
core must resist the washing action of a stream of metal ; it must admit of 
the free escape of gases, and impart to the interior of the casting the required 
contour. These determining conditions are, however, intensified by the fact 
that cores are often almost wholly surrounded by molten metal, and therefore 
offer more difficulty in the way of providing an escape for gases. For this 
reason, and also to secure stability in handling, the majority of cores are dried 
before they are fixed in the moulds. 

Cores may be made from tubes, the internal diameter of which corresjx>nds 
to that required in the core. Such tubes are serviceable for odd sizes, and 
the authors have found simple sheet-iron tubes made by a tinsmith, and 
ranging in diameter from 3 to 1 2 inches, of use when standard core boxes 
could not readily be obtained. Generally, boxes built of wood are employed, 
a od for round or square cores a series of standard sizes should be stocked. 
Three simple core boxes are shown in fig. 56 ; it will be noted that B and V 
ai * fitted with pins, which serve the same purpose as the pins in a moulding- 
"° x i viz., that of ensuring the two halves always being in the same relative 
P^Jtion to each other. A in fig. 56 represents a tyj>e of box for making flat 
cor ^; the box is laid on a flat plate, and core wind rammed flush with the top, 
w nich is then strickled off and smoothed with a trowel. The hole shown in 
k" e side is for the purpose of venting, and a vent wire may be placed through 
* ne box before ramming the sand, or, as an alternative, the vent wire may be 
P u «hed through after ramming. In the latter case, the trowel blade, or a flat 
plate, is l a id G n the sand to prevent it starting upwards. Flat 1x>xch of this 
character are largely used for rectangular cores. Boxes such as B and (\ if 
°' short length, are held together by one hand, and rammed and vented with 
the other. The halves are then separated, and the core laid on a plate, which, 
when filled, is transferred to the drying stove. 

Long cores require strengthening by the insertion of a piece of wire or 
iron rod. Such cores, when of small diameter, are made by packing sand in 
the two halves of the box and strickling both level. On one half of the core 
a stiffening wire is placed, and parallel with it a vent wire is laid, the sand of 
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both halves is claywashed, the two half boxes brought together, tapped, and 
the vent wire withdrawn. The purpose of claywash is to stick the halves 
together, and, when using it, a thin coating down the centre will be sufficient. 
Should claywash get near the outer edge of the core, it is liable to make the 
sand " clag " or stick to the core box, resulting in a rough core. Claywash 
may be replaced by blacking, plumbago, core gum, or flour ; any one of these 
substances, when mixed with water, will successfully stick portions of cores 
together. However, claywash will be found the cheapest, and, on the whole, 
the most efficient. 

Long cores of large diameter are made by fastening the two half boxes 
together by means of cramps or dogs driven into the sides, placing an iron or 
piece of wire in the centre, and ramming sand round it until the requisite 
height is obtained. The core is then vented by means of a vent wire. The 






Fiq. 66. — Three Simple Core Boxes. 

object in pasting a core of small diameter is simply to get a straight vent. 
This may l>e readily appreciated by trying to pierce a core |-inch diameter by 12 
inches long ; the chances are that the vent wire will be sent into the box ; 
hence the reason for laying the wire in and pasting. In a larger core this 
difficulty vanishes, and it is fairly easy to drive the wire straight through the 
core. Straight cores are easily vented by either of the methods given ; but 
when the cores take a curved form, the difficulties of free venting increase with 
the curvature. In a slightly curved core, a single string vent may be used, 
and, when drawn from one end of the core l>ox, will follow the bend of the 
core without breaking through. An elbow core, the half box of which is 
snown in fig. 57, should be vented by means of two strings so laid that their 
ends slightly overlap at the bent portion. These strings admit of withdrawal 
from each end of the core, thereby leaving two straight passages, which, meet- 
ing at the bend, give a continuous passage through the core. Elbow cores 
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exceeding 3 inches in diameter are most effectively vented bv means of an 

"ash vent." To form this, the two halves of the core box are rammed up as 

usual, and a strengthening iron, bent to the required contour, is bedded in 

one half. Alongside this iron a channel is cut out, and loosely tilled in with 

small coke, about the size of a pea, but sieved free from dust or fine dirt. 

The halves are pasted and closed as usual ; after drying the core, such a 

vent will offer a most effective route for the egress of gases. When the 

diameter of the cores is sufficiently large, ash vents are not only the most 

convenient, but also the most effective, and, no matter what the snajxj of the 

core, channels can l>e readily cut to follow its windings. Ash vents cannot 

be applied to cores of small diameters ; strings must be used for these. In 

the case of very small cores, as, for example, an elbow of the form shown in 

fig". 57, but only \ inch in diameter, a string vent would be difficult to 

manipulate. A material is therefore required which may be made up with 

the core, and will, on drying, u char, " thereby leaving a passage through. 

Stxrauds of cotton soaked in tallow were used for this purpose ; but of late 

y&&Ltt "wax wire vents" have been introduced, and serve the purpose better. 

Ttkese vents are flexible, and will readily bend to follow the contour of any 

cor^e they are bedded in ; on subsequent drying, they melt, and the liquefied 

w ^x is absorbed by the core, 




Fig. 57.— Elbow Core Box. 



ttxxifi leaving a clear channel. 
I* 1 diameter, wax vents may 
be obtained from one-sixteentb 
°* ^n inch upwards, and are 
t'k^J'efore suitable for a variety 
°* intricate cores. 

{*reen cores are fairly 
tender, and will not admit 
°* Uiuch handling until dried. 
A ^re of simple form may be 
fcu *Ued out of the half box on 
*° the hand, and then laid 

5* H plate for drying. When the core cannot be handled, it is removed from 
r* e box by bedding it on to a sand bed. Thus, on removing the top half of 
^" e core box, a sprinkling of parting sand is thrown over the core, and 
\ Ver °f fl°° r 8anc ^ riddled on until a level bed is obtained. A plate is 
£* e n bedded on, and the whole turned over and the second half of the core 
*j?* removed. The core remains sitting in a sand bed, and need not be 
d^turbed until the whole is drv ; it can then be handled. In certain cases the 
^d bed may be replaced by a wooden cradle, the core being subsequently 
re *tioved from the cradle, by means of clips, on to a drying- plate. 

So far, core boxes have been considered as consisting of two parts only, 

out, under certain conditions, the l>oxes may require dividing into three or 

Nore parts, in order to make the required core successfully. The joint 

between the boxes B and C, fig. 56, is such that when one half is lifted 

vertically it clears the core, and does not catch or tear the sand ; but when 

seats or fitting strips are added to a core box, these would, if lifted vertically, 

undercut or tear away the sand. Such pieces are therefore attached to the 

core box as " loose pieces," so that, on removing the main portion of the box, 

they remain in the core, and may be drawn away in a horizontal or other 

direction which will not tear the sand. As an example, the case of a round 

core in which a series of longitudinal strips are required may be selected. 
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Reference to fig. 58 will at once show that a vertical lift would tear away 
certain portions of the sand. Therefore, the core box is so constructed that, 
on removing each half, the strips remain in the sand and can be removed 
laterally. In order to keep the strips in place, they may be fitted on to the 
main box with pins, which are removed during the process of ramming ; or 
the strips may be jointed into the box in such a manner that they readily 
fall out on a straight lift. This method of loose pieces is applied to core 
boxes for asbestos-packed cocks. The strips forming recesses on the barrel 
of the core are fitted loosely in order to permit of removal after the main part of 
the box is lifted away. The core tax for a two-way cock is divided across the 
barrel ; but, in the case of a three- or four- way cock, division of the l>ox across 
the barrel of the core would be attended with difficulties; hence a division 
is made across the diameter of the " ways." In order to get a clean parting 
on the barrel, this portion of the l>ox is divided into segments. Thus, looking 
on the top of a half box, fig. 59, the segments indicated by lines remain in 
position on lifting the main part of the box, and arc afterwards removed by 
drawing them out in a horizontal direction. The whole is bedded on a plate 




. _. . . 



Fig. 58.— Core Box with Fitting Strips. 



Fig. 59.— Core Box for 4-way Cock. 



with floor sand, turned over, and the process repeated for the second half. 
Such a box would, therefore, consist of ten pieces ; and a limit for the sub- 
division of core taxes is only found when the loose pieces cannot be held 
together for ramming. When this limit is reached, the core is made in 
separate portions, and fitted together in the mould. This method often 
involves that each separate piece of the core be held in position by means of 
a chaplet. Whilst chaplets are very necessary in many cases, it is none the 
less a fact that, when they can be safely dispensed with, better results follow. 
To some extent, this may be achieved by constructing core taxes in such a 
manner that when the various pieces come to be fitted together in the mould 
they all have a direct bearing in the main core. For example, if a body core 
has a series of branches bending from it, a corresponding series of pockets in 
the body core will offer a means of fixing one end of the branch cores, the 
other end being carried by a pocket in the mould. Such pockets are termed 
" core prints," and their use is shown in Chapter XIII. 

On the other hand, separate pieces of a core may be pasted together 
before placing in the mould as a complete core. This method often reduces 
an intricate core to a series of simple ones, and, further, the fact of the core 
entering the mould as a complete one may to some extent dispense with the 
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use of chaplets. Pasting media ins have already been given, and clay wash 
indicated as the best for sticking the halves of a green core together. 
When pasting a series of dried cores together, core gum, boiled in water, will 
be found the most efficient. 

Fig. 60 shows a type of core usually employed to form the interior of a 
valve body. This is made in two portions, and a bearing is made at X, 
which is, however, insufficient for keeping the core in position, owing to the 
thickness of metal between the two cores forming the valve seat. Hence, 
used in this way, a chaplet is required to prevent the top portion of the core 
floating from its seat. If the two portions could be stuck firmly together, 
not only could the chaplet be dispensed with, but a joint is also saved in 
making the mould. Fig. 61 shows one method of attaining this result, and 
it will be noted that the core is made in three portions. This requires a box 
for the main core, including the seat, and boxes for the smaller pieces which 





Fig. 60.— Valve Core 

complete the inlet and outlet portions of the valve. The pieces are dri«"d 
separately, and, before pasting, a channel is scraj>e(l down the centre to form 
a vent. This method simplifies core-making and moulding, and readily lends 
itself to a large output. 

After drying, all cores are coated with black- wash or plumbago. Blacken- 
ing is usual for cast-iron and brass. Owing to the greater searching action of 
bronze and gun-inetal and the higher casting temperature of molten steel, 
plumbago gives better results, i.e. cleaner skins. Small cores may be held 
between the thumb and forefinger, so as to close up the vent hole, and dipped 
bodily into the black-wash ; large cores are painted by means of a swab or 
brush. 

Core irons are used for the purpose of strengthening the sand of a core, 
and, naturally, vary in size and character with the size and form of the core. 
They may, therefore, vary from wire one-sixteenth of an inch in diameter to 
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round or square rod of comparatively large size. Further, large cores may 
require strengthening by the insertion of several irons. When possible, rod is 
always used, because it can be readily cut to size and bent to the required 
shape. These rods are returned from the trimming shop, and may be 
repeatedly used. 

An iron, when bent to follow the outline of a core, should be free from 




Kio. 81.— Valve Core. 



" spring " ; tliis is of special importance in tl 
otherwise the object of the strengthening wii 
use of core irons are shown in fig. 62 ; it 
attached to the main core by bending an iroi 
and Y cores. A core with two branches, as i 
at right angles to each other. In fixing 



? ciise of wire for small cores, as 
■ will lie lost. Examples of the 
vill lie noted that branches are 
to follow the shape, as in the T 
i the cross, has two irons laid in 
irons, not only must they be 



bent to shape without springing, but they must also be bedded solidly 




Flo. 62.— Use of Cor* Irons. 



sand of the core. Hence, where two rods overlap, as in the cross, it is usual 
to bed one rod in each half of the core box. Obviously, alnjvc u certain weight 
loose rods will not sustain a core and its branches. For stability, the core 
iron must then lie in one piece, and such pieces are most conveniently made of 
cast-iron on the open sand bed. With cores up to 3 inches in diameter, an iron 
such as A in fig. 63 is sufficient ; but with larger cores projections are formed, 
as shown in B and C. The method of moulding these irons has been sketched 
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in the previous chapter ; it consists in marking the required outline on a level 
bed, and cutting channels to unit the outline. In the cane of standard core 
irons, a pattern may be made and stumped in the bed. Tins saves marking 
out ; or a chill mould may l>e used. Chill moulds an- only advisable when 
large numbers of core irons are required, owing to the cost of the preliminary 
mould. The hardness induced by pouring molten iron in a metallic chill is 




Via. 63.— Cast Core Irons. 

not a drawlwtck in the case of core irons, for, in trimming the castings, these 
irons have, as a rule, to be broken in order to clean out the core. 

Obviously, on a level bed only flat core irons or gratings may be made, 
but, whilst the upper surface is necessarily flat, the lower one may be of almost 
any contour. Thus, after marking out the grating, a series of holes may be 
made in order to form "dabliers," as, for example, in fig. 64. The purpose of 
these dabbers is to distribute the effect of the grating into all parts of the 
core ; they may be vertical or at any inclination required by the contour of 




the core. The latter also determines the length of the dabliers. Therefore, 
when making such a core iron, all requirements must be clearly realised ; for, 
though bits may be broken off, none of the projections will admit of bending. 
For this reason, sprigs or lengths of iron rod arc often cast in a grating, since 
they will admit of bending to shape. A composite core iron of this character 
has many applications. For example, a scries of rods cast in the foundation 
grating may be afterwards bent to follow the inclination of any core. This 
method is specially applicable for supporting projections from the core, which, 
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if on a higher level than the grating, cannot otherwise be readily reached. 
The method given for making a fire-basket in the previous chapter may also 
be taken as illustrating the making of a composite core iron. By this plan, 
practically any form of cage may be made, and the requisite internal support 
for any type of core readily obtained. In addition to casting lengths of iron 
rod in core gratings for the purpose indicated, nuts or hooks are also cast in. 
The object in this case is that of offering a means of l>olting two or more 
gratings together, or of suspending the core in a crane. When a nut is 
used, an eyebolt is screwed in for lifting ; or, if used for tying two gratings 
together, the screw from the first grating is pissed through a corresponding 
hole in the second one, and tightened by means of a loose nut and washer. 
Hooks, when cast in the grating, are connected together by means of eye 
bolts ; when used for lifting, an S hook offers a means of connection with the 
crane slings. According to the size and form of the grating, two or more 
hooks may be required to balance the core effectively when slung in a 
crane. In making the core, tubes are placed over the hooks or nuts, as the 
case may be, which, on withdrawal, leave a space for the insertion of a lifting 
hook. These spaces are filled in when the core reaches its final position in the 
mould, and are dried by means of a red-hot plate. It need hardly be added 
that a sand core is not usually slung in a crane until dried, and then only for 
the purjxjse of lowering into the mould. 

So far, sand cores made from core boxes, core vents, and core irons have 
been considered. Vents and irons are essential in any core, no matter how 
made ; core boxes are, however, in certain cases dispensed with, and many 
sand cores are made by processes technically known as "sweeping" or 
"strickling." Strickled cores are familiar in the case of curved pipes of odd 
sizes, or where the number of castings does not warrant the outlay for a 
complete pattern and core box. Swept cores are confined to round straight 
pipes, and are familiar in all classes of pipe moulding. 

Strickling involves the use of a guide and strickle, as shown in A and B, 
fig. 65. A is simply a flat board cut to the required curvature ; it will be 
noted that by sliding the strickle B along the length of A, the dotted outline 
shown on A will l>e traced. Therefore, sand roughly packed by the fingers to 
this outline, and brought down to shaj>e by passing the strickle over it, will in 
final form give one half of the core. The sand should be solidly packed, and 
strengthened by bedding in one or more irons bent to shape. On obtaining a 
rough outline, the sand is examined for soft places, which are made good, and 
the strickling continued until an exact half core is obtained. In using the 
strickle B, it will be noted that the checks cut at serve as a side guide only ; 
therefore, the strickle must be pressed down on to the guide board ; if this is 
not done, an irregular core will be the result. A layer of parting sand is 
sprinkled over the half core, floor sand riddled on in order to bed a plate, and 
the whole turned over. The second half of the core is then strickled, and for 
this the opposite face of the guide board is required. After drying, the halves 
will come together, forming the complete core ; hence the reason for strickling 
one half from each face of the guide lioard. Before jointing, a channel is 
scraped down the centre of each half, to serve as a vent, and the two are then 
pasted together by clay wash or core gum. Simple {Misting is sufficient for 
small cores, but those of large size should be tied together by means of wire. 
This is effected by having the core irons slightly longer than required, and 
looping them together by means of iron wire. If support is required in the 
ceutre, a groove is cut down to the core irons, which are bound together by 
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iron wire, and the groove then tilled in. 
iiii.iii good : the core, after black-washing i 
mould. 

Tills method of strickliug is applicable to any ere, It it line -if which 

i iiiiy 1b.' obtained by means of a guide ; further, them cores ean lw made to 

;ii:i'jK>si.- n[ a pattern, as "ill 

1h! shown later. However, whilst 
the method of atrickling sand Bave* 
pattern costs, i! enhances those of 
the foundry, and in therefore chiefly 
iipplicahlc in the case "I castings 
which are not of a standard diameter. 
Swept coma are usually run up in 
loam. Then are, however, various 
omh in which awept aand cores arc 
• if advantage. The authors have 
found wrapt green sand cures of 
advantage in the case of castings in 
which provision for contraction could 
not otherwise be made. These cores 
are pitted in the mould in n green, 
/.v. nndried, condition, and are there- 
fore difficult to handle. Apart from 
t h is, greater skill i.s n * |iiired 
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-and than loam, though essentia lie the two |iviM.'csses arc similar. In 
the case of sand, the method is as follows : — j\ core barrel, formed h_y drilling 
holes in a tula- of the required length, is sel on liestles, tlieii a winch handle 
la fixed into one end and keyed by wedges. The barrel is tightly wrapped with 
bnw, OT, in its absence, with frayed rope and then clay- washed. Riddled green 
wind is packed on as the barrel is rotated ; and when a uniform layer is nhiaiiinl. 
i In (trickle lxiard is set in position across the atrleklea and weighted t<> prevent 
movement. Sieved green sand, not too wet, is then packed on the rotating 
bjUWrf Until the eoivassi in ii-s the form l Hi j ■ i rtcil In the stationary strickle. The 
lies in getting such aaud to bang whilst the barrel is being turned. 

ii green sand sweeping is tl ly way to overcome it; as soon as 

-kill has liee 1 1 ginned, coves ure readily made by this method. When setting 

thcHtriekle, its position must lie such as to give the exact size of coir ri'|iiin il 

ni.irkcd, or should be marked, on the strickle when it reaches the 

I Ii ■'. Usually two j- ssrs indicating the diameter are made at each end 

rickle, and the core-maker can set his calipers to these recesses. In 
-■■ttiicj the strickle, allowance miisl also be made for the diameter of the core 
Imrrci. Green cores of this character arc used without drying, and are of 
service in the direction indieMcd, /.,-. where o ml. ruction cannot otherwise be 
a I'c providing a yielding Irndy of sand to meet it. In this respect it 
KM] '■■ noted that In intricate castings of zinc and aluminium the authors 
;,l the substitution of a green for a dry core the only possible 
-ulnhon I""'" the difficulty arising from contraction. 

In running up loam cores a barrel is provided, as in the foregoing case, 

i.| lightly with straw rope. Straw roj.es are twisted stralnlsof straw, 

■ ...I wen :il OHO time spun in the foundry cither by means of a hand winch or 

i -[.iiiiiin- i shine. They inv now more efficiently obtained from supply 

houses, and any variety of size is offered. Wooden ropes have been iutro 
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duced as a substitute for straw, but they have not yielded any special 
advantage, and general exjx»ricnee is in favour of straw. Having wrapped the 
barrel with rope, it is clay-washed and daubed with loam, the latter being 
pressed well into the interstices of the rope. A strickle is set across the trestles, 
and weighted in a position for giving a slightly smaller diameter than that 
required by the finished core, ljoam is pressed on the rotating barrel, which 
acquires the form impirted by the strickle. The first coat of loam is then 
stiffened by a few hours' ex|x>sure in the core stove ; after which the finishing 
coat is applied. Finishing loam is in a finer state and wetter condition than 
that first applied. In running on the finishing loam, the strickle must be set 
to the exact position required by the final #ize of the core. The core is then 
finally dried ; after which the diameter is tested by calipers, and, if correct, 
the core is black-washed. Should the diameter Ikj too large, the core is 
" carded down " to size, that is, whilst rotating in the trestles the surplus 
loam is rubbed off by means of sand-pa[>er or card wires. The latter consists 
of strips of leather bolting pierced by a numlier of wires projecting about 
\ inch, and are specially useful in all cases of carding. On the other hand, 
if the diameter of the dried core is to>o small, a further coat of finishing 
loam is given. Naturally, when applying the final coat the exact size should 
be, and as a rule is, caught the first time. 

The principle of sweeping cores is, therefore, that of applying sand or 
loam to a revolving barrel, the desired form being obtained by rotating the 
sand or loam against a fixed l>oard with a bevelled edge. Tow T or straw rope 
serves as vents, and connects the whole of the core with the holes drilled in the 
barrel. The fact that sand cores are more difficult to run up than loam is 
due to the former containing less clay and thus having to Ikj w T orked com- 
paratively dry ; it, therefore, does not " hang " well. Loam worked at about 
the consistency of stiff sludge readily hangs, and easily takes the form im- 
parted by the strickle. An arrangement of core barrel, strickle, and trestles is 
shown in fig. 66. This strickle will give a core of larger diameter in the centre 
than at the ends, but strickles can be cut to give any form of circular core. 

Obviously, core barrels should be of a suitable diameter, that is, large 
enough to give the requisite support to the loam, but not too large to 
hamper contraction of the castings. The barrels may be made from gas-pipe, 
boiler tubes, or of cast-iron made specially to the required size. In the last 
case, trunnions are fitted to the ends. When a small barrel has, of necessity, 
to be used for a large core, several layers of straw rope are applied, in order to 
increase its diameter. Each layer must be tightly wound, and its interstices 
filled in by rubbing loam over the whole surface before winding on a second 
layer. In repeat work, such as large pij>es, loam is applied directly to the 
core barrel. These barrels are some two inches less in diameter than the 
core, the surfaces are covered with dabbers or small projections in order to 
give a grip to the loam, and are penetrated by numerous small holes for 
venting. To overcome contraction of the pipe, the barrels are made collaps- 
ible, and, after the casting has solidified, the barrel is " released " by removing 
the keys which hold it in position. Thus, if the barrel is formed of three 
segments, keyed together from the inside, when contraction commences, 
these keys may be knocked away by passing a bar down the interior of the 
barrel, thus permitting the casting, as it cools, to force the segments inwards. 

The method of strickling sand, shown in fig. 65, is equally applicable to 
loam, and in the case of large irregular pipe cores is widely used. The only 
differences of note are that the guide plate should be of metal, as the half 
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core must be stiffened in the position in which it is swept. Stiffening may be, 
and often is, effected on wooden guide plates ; but there is always a tendency 
for the plate to warp ; hence, metal plates are better. These may be made on 
the open sand bed, using the wooden guide as a pattern, in which case a 
contraction allowance should l>e made on the pattern. In order to obtain two 
smooth faces, the guide board is turned over to make the second plate. Two 
suitable core grids are made, and, if the pipe is of large size, lengths of nail 
rod are inserted in the grid. These are afterwards l>ent over to follow the 
sweep of the core. On each end of the core grid a snug is made in order that 
the two grids may be bolted together by passing a bolt through the snugs. 
A layer of loam is spread on the face side of one plate, and the clay-washed 
core grid bedded on to it. The right position is obtained by passing the 
strickle along the full length of the plate. The grid is then partly filled in 
with loam, and an ash vent laid along the centre of the half core. The filling 




Fio. 66.— Core Barrel, Strickle, and Trestles. 

is completed, and the final fonn obtained by the use of the strickle. Plate 
and core are carried bodily into the core stove and allowed to stiffen. The 
process is repeated on the second plate ; and the two half cores, when stiffened, 
are jointed and securely fastened by passing a bolt through the end snugs of 
the core grid. 

Core Drying Stoves. — Drying stoves vary according to the style of cores, 
from large brick structures down to small ovens, but little larger than those of 
ordinary kitchen ranges. The larger type are more conveniently discussed 
under the heading of stoves for drying moulds. The smaller type are, as a 
rule, built of cast-iron, fitted with a series of shelves provided with iron doors, 
and fired from a grate placed in the bottom. A sheet-iron flue leads from 
the top to a convenient stack. One of these stoves, of a compact and 
convenient type, is shown diagrammatically in fig. 67. It consists of four 
compartments, and the products of combustion are drawn from the grate 
between each compartment before finally entering the flue. Separate doors to 
each compartment permit of access to any one without cooling off the other 
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three. Small doors placed in the sides of the stove give access to the flues for 
cleaning. 

Various patent drying stoves are on the market, the Millett core stove being 
probably the most typical. This stove may be built into a wall, or fixed in 




Fio. 67. —Small Core Drying Stove. 

any position convenient to the core bench. One of its best features is found 
in the fact that each shelf is independent. Each shelf and door are so 
attached that on opening any door the shelf comes with it, thus bringing the 
cores into a readily accessible position. An iron plate fixed on the back of 
the shelf effectually closes the stove when a shelf is drawn forward, thereby 
preventing a loss of heat. 



ELEMENTARY ASPECTS OF MOULDING. 

The Preparation of a Mould. — Some elementary notions of moulding Imve 
teen indicated in a previous chapter, but, as indicated, the method <>f open 
nad moulding ia limited (1) by the rough surface of the top face, mid (2) fey 
the fact that this fmT must lie a lir.ri/- -titu I one. As a result, only com- 

[>:j nil i\ ' -k few "f tlit: easting produced may be made in open moulds. 

Turning to the more legit imale methods of moulding, it will be well, in the 

BnC place, to consider a few of the more elementary principles involved 

in the preparation of a simple mould. 

As a first example, we shall take the case of a flat plate 12 inches square 

by I inch thick, to be moulded in a box 14 inches by 16 inches. The 
patten ii laid on a Hat "turning-over hoard/' and the bottom part of the 
uiiiiiMihL'-ltt.x is placed over it, jtiitit side down. This should be *> plan"! as 
t<i Ifju-i- I iiii-li sjmce between the pattern and the sides ami one end, and 8 

rof 3 mohes at the other end. For facing, a slight sprinkling of coal 
is well raised with a shovelful of floor sand and sieved on the pattern 
boa depth of i an inch. The bos is filled with riddled floor sand, and the 
mediately over the joint well rammed with the pegging rummer. 
Thu <mil overlying the pattern is not touched with the pegging rammer, but 
'""'■■ sand is sjiveatl tai the bo\, anil the whole lightly rammed with the Hal 

1 a or trodden with the feet, the object lieing to obtain the joint bard, 

i .a' the iand firm and compact only. Surplus sand is strickled 

'til level witli the bos edges, and the U>\ is then ready for turning over, In 

of work bottom parts are not provided with cross-liars, Iimicc a 

l[l board i- bedded on to pie vent the sand falling out whilst turning over, 

'""I .ils,, in permit of the complete mould being carried to a convenient place 

'"' '■.i-Uu U '. After strickliiig iitt". a layer of sand is sprinkled on, and the 

" ,|,l 'i'i lioard bedded by rubbing it to and fro until a level bearing is obtained 

■ii rests un the Injx edges. The hoard is removed, and a series of 

made by lightly striking the sand with a rummer shaft. The whole 

i is then pierced with a vent wire, the Itoard returned, and the 

ng turned over by gripping the two hoards together. The turning 

run, ii|. and the joint of sand round the pattern sleeked with a 

JW 'I- \nv loose sand is removed by brush or bellows, and a sprinkling 

■ i'I thrown on. After standing a moment, the surplus is blown 

"" lad a further light dust of parting sand thrown evenly over the joint. 

half of the moulding-bos is fitted on the pins, ami held "sun 
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about" 1 ; a runner peg is placed in the centre of the widest end of the joint, an> 
floor sand sieved on as before. The box is tilled with floor sand, which is tucke. 
under the eross-lwrs by the fingers and rammed all over with the pegging 
rammer. More sand is spread on, rammed compactly with the flat rammei 
and the surplus strickled off level to the cross-bars. The runner peg ia with 
drawn, and the top widened by scooping out a shallow head, which serves as i 
pouring basin. The top part is vented by piercing with a vent wire, and thei 
lifted off, turned over and laid on a flat board. The sharp edge round th- 
runner is filleted, and the sand face forming the top of the easting dustei 
over with charcoal or plumbago, and the surplus blown off. On the joint o 
the bottom part a channel in cut parallel with the pattern, and connected wit] 
it by means of light runners, as shown in fig. 68. These runners are mos 
conveniently cut by means of the spoon gate cutter. Loose sand is blown ofl 
and the joint round the pattern just touched with a water swab; the patten 
is then lightly tapped, to loosen it, and drawn out. Should the pattern be o 
wood, its removal is effected by a sharp spike ; but, if of metal, two holes ar. 
previously drilled in it, and the pattern lifted by means of spikes placed ii 




Fin. 18. -Mould for Flat Plate. 



these holes. This drawing should be effected so as not to sktrt the edges o 
the joint. IF u very smooth face is required on the casting, charcoal dust o 
plumbago is shaken mi the sand, and " sleeked " or lightly smoothed with i 
trowel. The mould is blown out, the top part returned, and the box eotterei 
or weighted ; it is then ready for easting. 

As a second example, a pattern of the same size and thickness as the fore 
going is selected ; but the surface, instead of being plain, is covered with fin 
detail, such as flowers, fruit, etc. The method of moulding is very similar t 
that followed for the plain plate, except that strong facing sand is sieved ove 
the pattern, and, after filling with floor sand, the whole of the box is ranmia 
with the pegging rammer. The Ikjx is turned over, the joint made, the to 
part rammed, and runners cut as before. A very fine skin is imparted to th 
casting by "printing " the pattern, that is, after drawing out the pattern, th 
surface of the mould is dusted over with pluiuliigo, the [tattern returned t 
exactly its former position and pressed down, thereby pressing the plumliAg 
into the intricate details of the mould, and so securing an effect equivalent t 
sleeking. Naturally, the pattern must be returned to the exact position froii 
which it was drawn, otherwise the mould will lie spoilt. A small pattern c 
this kind offers no difficulty in "returning"; but larger ones are most cor 

1 In the case of a flat joint, twisting is not of gra^e moment, but "sun about" shoul 
always be enforced when placing the top half of the box on the bottom lin.1T ; that is, tt 
right hand aide of the box is pressed towards tbe moulder and the left hand pressed »w«j. 
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'■('iikntlv "staked" before the first removal, by fixing spikes at the corneal 
.,- guide* on returning the pattern. After printing, the mould is 
Mown out and made ready for easting, as in the first ease. 

Kg n third example, the pattern «f a block 1 3 tnohea square by 12 inches 
deep may be taken. Here, owing t" greater depth, the pressure of the liquid 
metal on llie bottom and sides of the mould omnes hit" piny, a condition nut 
1,0 I Harked in the first two examples. The sides and I Kit torn must, therefore, 
"' rammed Euffieientiy compact to resist this pressure. On plain work of 
'■'''- kind. Boor aand, to which coal dust is added, will answer as ■ Facing, sod 

''"-' i i' open its character the harder should he the ramming. Should the 

"""> sand be too weak, it may ho lniuded hy the addition of from 10 to 25 per 

Wit. of new gaud, hut Lin: mixture should lie essentially open in nature. The 

i teamed in courses of 1 inches, that is, alter covering the pattern 

layer of floor sand 1 inches in depth is spread round the 

P'ttorn, and evenly ra ■! with the pegging rammer. In ramming up the 

■ rammer should ii"l ripj>rn:i<-li nearer than all inch and a hall' to the 

■ and should not ray aw nt strike the pattern. The courses 

r '""i<l th" sides are re] ted until a depth of 4 inches of sand oft the bottom 

"'''h.m Id is obtained, which is lightly ami evenly rammed with the [legging 

rr "" * t icr, A further course is spread on, and the w hole rammed harder 
■an the first course. The whole of the bottom of the mould may then he 
ftiuiijiej comparatively hard with the flat rammer, striekled ofi', and well 
'"" "il. Ho fore venting, a scries i>f channel:, are scraped hy the point of the 
l|1 ' sfire from side to aide and end to end of the bos. After venting, the ls>x 
""ihml oTer on I" a level bed and the joint made. The top part is fitted on 
■* pins, and a runner peg fixed as before : but in this case, owing to the Luge 
TOUtxie of liquid metal, it is evident that there will l>e a fair amount of tiijuid 

wfakage. X Mt this a " feeder" is placed in the centre of the top of the 

ind rammed up with the top part. After strickling off the top, the 

HBner peg and feeder are withdrawn, and the top part lifted off, The method 

: 1 1 i tf ors from that adopted with the thin plates, and a deep runner 
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section "ill lie sufficient here. I'.ol'uro drawing out the pattern 
"""'« . -iiiomela, roughly, J-ineh dcepx J-inoh wide, are cu! along the joint 

, ' 11 '' netted hy I. ranch channels leading to the box edges, as shown in 

''-'>■' This channel is about I!, ineli from the pattern, and is vented at 
;oi iin'h all round the mould, hiking cure to force the vent down 
P'.ill, | wl( |, (i,,, s j ( [ t . w of the pattern. The vent wire is also pushed beneath 
"* boi inid the hod on to which it was turned. The pittem is then drawn 
'""■ ■'h'l the mould finished ..m! made ready for casting. On pouring fluid 
tt *Wdnwn the gale and through the runner into the mould, it is obvious 
""M-tlie metal will gradually till the mould and rise in the feeder until it 
anie height a- (hi' runner. This feeding head will therefore act 
J*' reservoir, and, so long as it is fluid, will supply the shrinkage of the casting 
"'''" it. The position of gate and feeder on the easting as it loaves tbe 
*'"! i« Known in fig. 70, the diameter of the feeder being reduced at its 
fRlCtion with the casting in order that it may la? more readily broken off. 

■ luce example- of I ihljng gne n.-.e to the following considerations 

-■■:■ ramming, venting, and gating; - 

an ' ■;i>.yii|i! -l-afinn tiMlet-eribo, further than to s bite generally 

" and |hiiiii, ling, bul demands the exorcise of some judgment 

''■ ■ in eiAmpl , I he flat plate was nut rammed with the pegging r; 
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but simply consolidated by treading or lightly ramming with the flat rammer. 
In the second and third examples, the pegging rammer wait used on the face of 
each mould and a fairly compact ramming given. 

In making flat work of plain surface, all that is necessary is to get the sand 
sufficiently compact to resist liquid pressure ; provided this requirement is 
met, the softer the ramming the better the result. If too soft, the casting will 
swell ; therefore, the greater the depth of the casting the more compact must 
be the ramming. The question naturally arises, if compact ramming is 
permitted in the case of a heavy block, what harm can it do, further than a 
waste of physical effort, in the case of the thin plate] An answer is found in 
the very fact of the plate being thin, for, if a fully run casting is required, 
the metal must enter the mould quickly ; in other words, the air and gases of 
the mould must escape rapidly. If they do not escape, the casting is 
" seamed " or marked by more or less worm-like hollows, which are a source of 
disfigurement. These streaks, due to the non-escape of gas, when present may 
be traced to the use of too strong a facing wand or to the bard ramming. Com- 
pact ramming in the case of the block is required in order that the mould 
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io. 60.— Mould far Block. 




Fio. 70.— Block Casting. 






t.d i. 



shall not swell. The 

vent wire, us indicated. Nut o 

but there is also » greater depth iif liquid II 

through the sand. 

In the second example, strong facing sand was compactly rammed on a 
figured surface. In this ease the sand must la' squeezed into the finest intri- 
cacies of the pattern if a replica possessing the delicate detail of the original 
is desired. A limit to hard ramming is, of course, found when the sand is so> 
wedged into the details of the pattern that the latter cannot be drawn out 
without bringing the sand with it. Hammed within reason, such a casting 



II seldom " 
numbers of panels, canonic 



used and venting assisted by the 
i greater pressure on the mould, 
etui to force the gases downwards* 



i hardly necessary. In fact, large 
re moulded, and a vent wire never 

This gives rise to a feature of moment, in that the tiny projections of sand 
forming the detail of the mould offer a route for the egress of gases. Molten 
metal does not lie so kindly on a plain surface as on a figured one, hence the 
greater precautious necessary in thin flat work. The foregoing refers only 
to the bottom parts of a mould. Top parts are always rammed comparatively 
hard, ill order to withstand lifting off, turning over, and replacing. Whilst 
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molten metal has to lie en the bottom face, it only lies against the top face. 
< bmparatively few remarks an.' necessary here as to the use of the vent wire. 
V- -h.nui in tin 1 r'nri'i^niii^ account, it is an artificial aid to the porosity of the 
sand ; therefore, in heavy work, where compact r.-n inning is required, venting 
should be liberally practised. In venting, the wire should not tonal] tbe 
pattern, for, if it Horn, metal will enter tbe vent, in which case it cannot serve 
Am intended purpose as a channel for the escape iif -uses. In thin work the 
side* of the mould do not enter into consideration ; but in deep work, as in the 
thud i^inijile. provision should ln> made for venting the sides of the niotild. 
In nil cases the vent should be allowed a free escape, hence the cross channels 
Huiilc on the Viottoin of the 1«>.\ before turning over. During casting, the gases 
escaping through these channels are "lit" by applying a red-hot skimmer. 

dates or runners denote channels cut for the passage of metal from tbe ladle 
'"to the mould, formed, as shown, by ramming up a peg with the top ptrtand 
(,| itliti;_' ;i channel communicating with tbe hole left by this peg. A typical 
'"'ni ,ii" gate is shown in the block, tig. 70, representing a V-shaped channel, 
"liilsl :i sprue form -of a u'ate is shown on tin- plate, fie. (IS. In connection 
"itli sprue ^utes it is well to rcmeinlier that their area should not exceed that 

°f the down gate or runner. The authors have had ch difiieitlty in getting 

■ '1 moulders to recognise this, and one often sees a gate cut with a 
"Oaten sprues, i quil to rr 1 1 area of 2 square inches, supplied by a down gate of 
"" «rea equal to 1 square inch. I'nder such conditions, some of the sprues 
c " ri n,it Ik.* effective, anil it is always well to see that the source of supply is 
■"'I'ijiI to the demand. In fact, the area of the down gate should always exceed 
' j, t of tbe sprues. A series of sprue gates are always out on a thin casting, 
'••"'li must be filled quickly. llwing to its thinness, such a casting must lie 
* l *Pj»lied by several streams of metal from distinct points. A heavy casting 
"*j* be successfully run by one gate cut of such a size as to take the whole of 
1 '" natal supplied by the down gate. Ibrc the metal will not chill so rapidly 
'""■ 'n the case of thin plates. 

1'i. .]-., or "whistlers,'' are placed on portions of a casting which project 



""'> , lop part in order to e 



ovl,,,. 



nrwnn, risers i 



1 placed 



e portions being " 
:i the opposite side to the t 



up " sharp. In 
' i order to 



l! " when tbe mould is full and to prevent straining. The purpose of a Feeder 
iiown to be that of a reservoir to supply liquid shrinkage. The size 
"' ti„. r,.,.(l 01 - Y/\\] t therefore, vary with that of the costing, and in certain cases 

iii'c'ssary to place several on dilferent |s>rlious of the casting. An 

"'■ pi ' the latter is found in the rim of a heavy fly-wheel. In order to 

■ eder morn effective, it is kept open by churning with an iron rod, 

'.i.ji .-1 being to keep a passage between I" ler and easting open, so that. 

11 intervals further supplies of liquid metal can be poured in, thus ensuring 
■iii^ " fed up," thai is, solid to the top. 
These notes, in conjunction with those given ou open sand moulding, cover 

'''■' "ni.- elementary assets of moulding. Practically, they may bo s mod 

•arding a mould as n receptacle for liipiid metal, which receptacle 
■ i.e injured by the temperature or pressure, and lie of such n nature 

. it the re val of gases, and -rive a casting which iti form shall ho 

■»«*el replie ■ the | B .tteni. 



CHAPTER XI. 

GREEN SAND MOULDING. 

The method of turning over has been described, but it is readily apparent 
that few of the large range of patterns handled by any foundry can l>e laid on 
a flat board for the puqwse of ramming up the bottom pirt. Patterns of 
regular contour, but which do not, in the solid, permit of the use of a flat 
turning-over board, may be divided through the centre, as, for example, the 
flanged pipe, fig. 71. 

The halves of such a pattern are maintained in true position by pins and 
dowels, as in the case of core boxes. In moulding, one half is laid on a flat 
board, and the bottom part and joint formed as before. The second half of the 
pattern is placed in position on the first half, and the top part rammed up, 




Fi<;. 71.— Half Pipe Pattern. 




which, on lifting off', brings with it the embedded half pattern. A light 
wooden pattern will be readily lifted by the suction of the sand; if there is 
any danger of the pattern not lifting, a spike is driven into each flange, and 
these are held by a boy, whilst the U>p part is being lifted off. On turning 
the box over, the spikes are drawn downwards. A metal pattern, evidently, 
will not lift with the top part. Such patterns are therefore drilled and 
tapped, usually jj-inch thread, and a screw is inserted having an eye 
projecting through the top jwirt. After ramming, an iron rod i? passed 
through the eye and wedged on the sides of the box, as shown in fig. 72. 
Tins device ensures lifting the pattern with the sand ; but it may be noted 
that, after lifting off and turning the box over, the screw will not prevent a 
side thrust on the sand. Hence, if the pattern is heavy, it must be held by 
hand during the time of turning the top part over. 

Turning to the pipe again, after lifting off the top part, and turning it 
over, the tw T o half moulds are ready for finishing, that is, the two half patterns 
are drawn out, gate cut, and any damaged'part of the mould mended by tools. 
Before drawing the pattern from the top half, the sand round both flanges is 
" sprigged." Sprigs vary from 3 to 6 inches in length, according to the depth 
of the flange, and are pressed in, as shown at fig. 73, with the object of holding 
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tlii' sand in position after removing tin- |mlt<'ni. Tin--,,' sprigs ;ive [ii.-..ci] in 
about .'. inch Fran the Bange, but at an angle t" it, Tin- projecting lioss 
ihowu "ii the pattern, fig. 71, is termed the core print ; and refarenee to Bg. 
73 "ill show tliiit liv placing the cure in these prints, a space «ill lie left 
>K'.. 11 11 and toe mould, an shown by dotted lines This core is placed in 
the bottom hull', and the in}> part dotted over it. When closing ii lop part of 
this character, namely, one from which a patten baa been drawn, it is 




turn it over away from the bottom |iart aud iioti.- il" any saml fulls 
Should such in' the easet the top part can Ik: turned back again and 
mended. If turned directly over the bottom part, any nand railing will enter 
tlie mould ; hence, in addition In patching tin' top part, the bottom will also 
require cleaning, 

Evidently, then, by aplitttug the pipe pattern, as in fig. 71, its 1 Iding 

ia amplified into, practically, that (if ;i Hat object. However, Ha an illustration, 
we nil! assume thai the pattern is solid, us in tig. 7-1. Hero a flat turning 



H 



H 




■' cannot possibly he nwl, and, for turning over, an "odd side" or false 

required. The top j»irt of the box U- he used is laid on the floor, 
""W Uid trodden in with floor sand. After strieklinu off, a rough outline, 
JJ]*»*pOnding to the |>attem, is cut out. and the latter sunk U> half its depth, 
""pattern is bedded hy tucking in sand under any [jortioiis which spring, 
•**•] the whole lien solid. The Iwttoui part is placed on, raiuniud-up, the two 
Pwt" I'raiiqH'd or wittered, and turned over on to a level lied. The top pari is 
UfWoffand knocked out, The pattern is jointed down to its centre, which 
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must be faithfully followed ; for if the joint is cut below the centre, the sand 
of the top part will not lift ; on the other hand, if the joint is cut above the 
centre, the pittern will not give a clean draw, but will start the edges of the 
joint. Having made the joint, examination will show that the body of the 
pipe will readily lift, but such conditions will not hold in the case of the 
flanges which are comparatively square, that is, in the direction of their 
thickness they possess no taper. Two holes are burnt in the top of each 
flange, in order to take a £-inch nipping bar drawn to a poiut where it enters the 
holes. The top part is placed on, and over each hole in the flange a small 
runner peg is placed. A layer of sand, approximately 1 inch in depth, is sieved 
over the joint in this layer, and, following the contour of the pattern, lifters 
are bedded. Before bedding, the lifters are dipped in clay- wash, and the top 
of each lifter given a bearing on one of the cross-bars of the top part. The 
latter is then rammed up, and the runner peg and the two pegs on the flanges 
withdrawn. Through the latter a rapping bar is passed into the hole of the 
flange, and the bar rapped equally in the direction of the length of the pipe ; 
i.e. the un tapered sides of the flange. This treatment is applied to the other 
flange, and the two holes may then be filled up with sand, packing by means 
of the fingers, or left open to serve as risers. The top part must be lifted 
absolutely level until it clears the flanges, and, if the foregoing details have 
been followed, a fairly clean lift will result. Any damaged places are mended 
up, and for the flanges a strip of wood may be used as a guide. In working 





Kig. 74.— Solid Pipe. 

from a solid pattern, it will be seen that the " odd side " replaces a flat turning 
board. As another example of moulding the same pipe, we will assume that 
no bottom part is available, and that only a top part can be procured in w T hich 
to make the mould. For this example it is immaterial whether the pattern 
is solid, as in fig. 74, or split, as in fig. 71 * ; in either case, the method of 
moulding is the same. A trench is dug in the floor, and filled in with riddled 
sand, over which a layer of facing sand is sieved. The pattern is laid on and 
pressed down until level with the floor line. Should the flanges be deep, 
sand in their vicinity is scraped away by the hand, and the pattern then 
bedded solid by laying a block of wood on it and tapping it down. When 
approximately solid and level, the pattern is weighted and sand tucked round 
and under by the fingers. The pegging rammer is then used until the sand 
is compact to the joint line. A joint is made as usual, and top part placed 
on. After ramming the top, and before lifting off, it is staked at the four 
corners, these stakes taking the place of pins, and serving as a guide on 
returning the top. The stake may be an iron bar, a flat file, or a piece of 
wood ; but, in any case, it is driven into the joint parallel with and bearing on 
the sides of the top part. Two such stakes at each comer serve as efficient 
guides on returning the top. The only other feature calling for note is 

1 It may be noted that when pipe j>atterns are solid the flanges are usually split so as 
to lift with the top part. The example of a solid pipe with fixed flanges is given for purposes 
of illustration. 



that before drawing iIil' pattern from the bottom part, irbtofa is this case is 
ttit foundry floor, being a "bedded-in" job, it should be vented from the 
jmut by means of a channel scraped round the pattern, and the vent wire 
pierced under but mil catching the pattern, an in tbe ease of fig. <i9, noted in 
Chapter X. 

Pipes^ sue* as those shown in fig. 7 1. are, tor various reasons, often 

; i I"- nasi i ad, It" a pattern, such as is represented in fig. 71 or 

1,1 Eg. 71, baa to bo used, and the mould made in green sand, then the method 
'("flowed is that descril)ed in the first <w second example, with the exepti'm 
"'■a the runner ia cut so us to drop the metal between the core and tbo body 
°f the pipe. Instead of turning the bottom half on to it sand bed, it ia 
'''riM'il . ivev mi :i li'civi : after finishing and coring the mould, the top half 
* closed on and a liourd bedded on it. The two boards arc then either 
°*a«aped together or fastened by binding screws, and the complete mould 
'"' i j«"I on end, with the pipe in a vertical position. 

I lowevor, a alight alteration of the pattern will permit of it being moulded 
I] in the vertical position. Thus, if the two 
tooee, so as to permit of their removal 
1,1 ; ' rertica] direction, the pipe may be moulded in 
;' * j ttare bos by having a joint at each flange. 
""*>*, using a hoi; of the type shown in tig. 75, 
'■■ > nethod Is .somewhat as "follows :— The bottom 





-Moulding Pipe 



flui»^, e „ f tnB pipe , s lai( i on lt fl!lt board, and the 
l>ox. j Kir t ,\ placed over it, joint side down. This 
)"' ' is rammed up, turned over, and jointed. The 
l "" i >" 'if the pipe is tilted into tbe flange, and the 
'""' part 11 fitted on to the part A, and then 
*"■ taosd in courses until level with the top of the 
pipe?. T | ]e tll]1 flange ia ,!„.„ | ", 1 1 - -d on to the pipe, 
■ ll1 ' • lucked under and round it, and a joint made 
l' ,v " I with the top o( the flange. The box part (J is 
llU ' '* I on and rammed. For convenience in centring 

' 1 "' *'"ii, the print should be carried through this 

l I,rt • Jiiii], ii' nut lung enough for this purpose, maj be 

lLlt * I ii niij^Ii Lit'-r. A »i''i^i--shn|H-i! ^'iitc is i-jii 'd 

H|i ^N'itli this part; the point of the Hedge butts 
■'-■'' ■ i >i the i ui ii i. iind is so fixed as to deliver a stream of metal directly down 
die ipjpe, (),, lifting tiff C, the core priut is cut through, which destroys pari 
QJ tliu ,^,\ t: _ The top HiiiiL'c is drawn and then the body of the pipe. The 
■» Pari B is then lifted off and the bottom flange drawn. The three parts of 
™ orjould are finished ready For elating, the part B returned, and the core 

lijftiT(,i down into the print in A, It is at ■•■ apparent that, the core nia\ 

w filed in this print before returning the part B. By following this plan 

*l core is easier t jiitrc, and the part B is then lowered over the core, 

rather, if desired, an intermediate joint may be made by having B in two 

portions, In such a ease the joint is not parted until the pattern is 

This further division of the mould utters greater facilities in finishing 

' hi centring the core. The core in position, and the i ild closed up to 

""' joint of the top flange, the part C is then fitted on. As the- core print of 
■ : has been carried through, it is evident that the cor.' can be guided 
print as the box is beiiiL' lowered on. Thus, a boy by means of a spike 
enl of the cure can move it in the direction required as the box is 
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lowered down. It will be remembered that part of the gate has been de- 
stroyed in cutting the print through. The wedge gate is therefore returned 
to its position, the spike left in the vent of the core, and both gate and print 
made good by picking sand with the fingers. Before removing the gate a 
small head is formed, and on removing the pin care is taken to see that no 
loose sand falls into the mould. On removing the spike which had been 
inserted in the vent of the core, a passage is left connecting the vent with the 
atmosphere, and ottering a route for the escape of the core gases. 

From the foregoing it is evident that any one pattern can be moulded in 
various styles, and the particular method adopted should, of course, be that 
most suitable to the appliances at hand. It will be specially noted that three 

methods, rolling over, bedding in, and 
casting on end, have l>een introduced. The 
last one gives an example of the use of a mid 
part, and a little imagination will show that 
by the aid of two or more joints very com- 
plicated patterns can be moulded in boxes. 
In many cases the floor may be made 
to serve the purpose of a bottom part in 
a two-jointed mould, and, as an example, 
we may take the case of a valve body, the 
core of which is in two portions, thus 
necessitating the mould being made in the 
position shown at fig. 76. Such a pattern 
would be made in three portions, divided 
in the centre, and with the bottom flange loose. This flange is bedded in 
the floor and jointed, and the bottom half of the pattern fixed on the flange. 
In these patterns the distance between the lower side of the body and the 
flange is comparatively narrow ; hence the sand filling this spaco must be 
strengthened, which may be effected by lifters, or, preferably, by wedging in 
cross-bars. The bottom part, which really serves the purpose of a mid part, 
is "staked," and the further details of moulding are practically those already 
indicated. Another method of moulding is found in turning over. Thus, 
the bottom half of the pattern is laid on a board and rammed up to the 




Fig. 76.— Valve Body. 




Fir.. 11. — Mould Joint. 



flange joint, the flange is bedded on, and the sides of the box rammed. A 
fairly steep joint is made down to the flange, as in fig. 77. In order to 
make the parting sand adhere on a steep joint of this character, it is first 
damped and then smoothed round the joint. If thrown on dry it would 
all roll to the bottom ; hence, when parting, the two surfaces would stick 
together or " clag." In place of damp parting sand, strips of paper may be 
laid on the joint, and will effectually isolate the two surfaces. After making 
the joint, sand is rammed over the flange, level with the rest of the box. A 
board is then bedded on and the whole turned over. Further details are 



familiar. Il may, however, b 

farming tin 1 mid part. 
Tin- joint shewn in liy. 77 
obaraoter. It is, however, olc 
the contour -if many pattern 
i- to demand very irregular |i:irl iu;f.i. 
Turning again to fig, "7 it w:" ' 
that toe joint before tapei 
r.iiTi.'il f<.r a. slnnl. distance li'vt-l with the 
tlaiiey. Supposing it hail been jointed 

■taighJ down i" the flange, then, on 

turning '"rr, and after removal of the 

midpart and Bange patteru, a feather edge of sand Would be left, us shown in 

li_-. 7*. A thin body of .-umil of this character is exceedingly liable to cin.sJi ; 

henee the reason for making the joint on shown in fig. 77. Further iHus- 

t rations an shown in Figs, "il and XQ, A semicircular pattern, web h 7!l, 



noted that tin: Klccp joint UTVM as ■ -uide 

a the first one iutrodw .'.I which is not of a Bat 
a that 

: ::p /' u? 



-MuuM.Ji.iti 




afaould be jointed as shown at A ; the joint shown at li does not give room 
■,..,■ liftera, and tin' thin liody of sand will not lift well, hence necessitating 
I mu bing, Lifters imiii lie readily placed ah my the joint A, ami every particle 
at mod "ill coior with the top part. Fig. 80 shows a joint which, for. a 
tanoe, continues the lines of the pattern; this type of joint will 




In. bo.— Mpuld Joint 
not wdj lift well, i dso give n cwtthu! with eleau edges, and qui 

tntB "tins." ' 

lu drawing patterns fr the Id. an absolutely vertical lift is usually 

liocesNiry. However, this does not apply in all cases, for example, the part 
fig. 60, drawn vertically, would bring with it the whole, of the sand 

|l peutting at A, thus nil in I v -puilm;; the mould. If drawn in tin: direction 

row, a clean parting of mould fr sand results. 
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liENKliAI, 1-rilJNI-KV l'IIAr'l[i K 



When speaking nf moulding-boxes, 
Chapter VI., it was shown that in the 
case of special or report nasi 
craK-ban in iiii' top pari are arranged 
to follow the contour of the pattern, 
thus dispensing; with lifters, But there 
an many mm in which ii lint top part 

must l«' us!-! I, mill mill Mia involve 

the exercise of much ingenuity in 

Mowing good lifts, In every BBM in 

which a deep Lift baa tone obtained from 
a Hiii top part, ii must be remembered 

Hull tin: cross I mi's carrj the weight nf 

the sand, and therefore any artmeiaJ 
support riven in the sand must in turn 
have n direct bearing on these liars, 

ThlU, all liften must hang from tin 

liars, ii" their purpose is to !"■ efficient}; 

served. Not only si i. Iml the sideof tic 

lifter should l>e»r directly against tin' 

side of tin' bar. Lifters areoJ various 

| forma, ami .in- mode either of east- or 

= ni »t'imglii iron. They help to deepen 

~ the top part, as in the eaae of fig. 79, 

<S along llif joint A. In place of lifters. 

s "chocks" omj be used. Them en 
S simply pteoee of wood cut to size, and 

;* wedged in hctwern llic crosB-baiSi liv 

— lliis plan very deep lifts may lie obtained. 

..- and, the wooden chocks being mdged 

^ in position, there is do danger of a side 

slip when tinning the top part over. 

An example of chocking may be taken 

from an old-fashioned range mode in a 

box having a tint top pert, as in Sg. 81. 

After jointing, the chocks are wedged 

in, as shown, ami follow the Contour of 
the joint anil pattern. 

With certain deep lifts, pans for 
instance, a grating may In- used. Such 
a grating is made on the open Band lied, 
and, if necessary, iron rods are cast in. 
as in the case of a core grid, lives or 

lints for lifting arc also east in, ami 1>V 
means of these the grating is hung or 
bolted to the top part. Naturally, a 
selection of lifters, chocks, or gratings 
will permit of practically am top purl 
being lifted clean, anil the clmiee will 
be determined by the most suitable 
appliances at band. A kindred sufajejoi 
to lifting is that of strengthening 
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isolated pieces of sand. Such protection is comprised in the use of sprigs and 
rods of iron which rely for their support on a sand hacking. One example of 
sprigging has been given in tig. 73, the object in this case being to strengthen 
the joint. The use of sprigs in holding projecting lnxlies of sand is found in 
the teeth of spur wheels, and, according to the size, two or more sprigs are 
bedded in during the ramming. It may be well to note that ramming on 
the teeth of such wheels is a delicate operation. If too soft, the teeth will 
swell, and the wheel be useless. On the other hand, if too hard, the chances 
are that in drawing out the pattern the sand in the teeth will be started, if 
not actually drawn up with the pattern. Hence the practice is either to press 
sand into the teeth with the fingers, bedding in sprigs during the process, or 
to throw sand into the teeth. In the latter case, a handful of sand is thrown, 
the distance and sharpness of the throw dejxmding on the size of the teeth. 
Either method is good, but the authors prefer to press in the sand by the 
fingers, for, in this case, the sense of " touch " guides the moulder, and on the 
^hole ensures more reliable work. When the projecting body of sand is too 
long to receive adequate support from sprigs, then rods of iron are cut to the 
clesired length and bedded in as the ramming progresses. 



CHAPTER XII. 

GREEN SAND MOULDING— continued. 

Loose Pieces and Subdivision of Patterns- -Fai*se Cores and Drawbacks 
— Moulding in Three Part Boxes -Coke Beds — Additions to Top 
Parts — STorriNii Off or Extending Patterns. 

Up to the present only the more familiar aspects of moulding have boon con- 
sidered, but essential principles have been introduced, and it has been shown 
that a given pattern may be moulded by different methods. Thus, in the 
case of the pipe, the methods applicable were (a) turning over, (b) bedding in, 
and (c) moulding in a vertical position by means of loose flanges on the pattern 
and mid parts in the moulding-l>ox. Whilst the majority of patterns have to 
Ikj drawn vertically from the mould, it has been shown, in the case of fig. 80, 
that a draw at an inclination to the vertical becomes necessary in order to 
avoid tearing the sand. This practice is applicable to a large variety of 
patterns, but it has its limitations. In machine-tool castings, recesses, bosses, 
and the like are often required, and these may be so situated as to fall 
below the joint line of a pattern, which, of necessity, has to be drawn 
vertically from the sand. These requirements involve the provision of core 
prints carried up to the joint line of the pattern or the attachment of " loose 
pieces," which, in effect, serve the same purpose as the loose pieces in a core 
box. The most familiar examples of extended core prints are found in the 
case of castings requiring small round or square holes in the sides at some 
distance below the joint. In such cases the l>ottom part of the print serves 
as a seat for the core, which, when in position, follows the dotted lines of fig. 
82. The upper part of the print is filled in with sand ; for this purpose a 
stopping-off strip, tig. 82, is placed over the core, and held against the sides 
of the mould. The core may be made to fill its own print, as in fig. 83. 
Here a recess is required along the side of a casting, and, in order to give a 
flat joint, the core print is carried to the top of the pattern. On inserting a 
core, of the section shown, into this print, the recess is formed, and the side of 
the core also corresponds to the side of the casting. 

The core print of tig. 82, instead of being carried to the joint, may be 
worked as a loose piece. Thus, on ramming up the pattern, immediately a 
solid bearing of sand has been obtained under the print, the screw holding it 
in position is removed and the ramming continued. It therefore follows that 
the print, being loose, remains in position on withdrawing the pattern, and 
mav be removed bv drawing directlv into the mould. This assumes that 
the mould is of sufficient width to draw the print and insert the core. In 
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patterns leaving sufficient working 
doodad printa an and on patterns 
', flanges. K%. 84 slv.ws a typo of 



n tn slick' eastings, which obviously, owing to the taper, is such 
H i.i prevent h clean parting of solid pattern From hum). The pattern is, 
therefore, made in three pieces, and the loose pieces are temporarily held in 
position by wire pins, as shown. The inside is rammed with the struts held 




his. S3. KxTi-n.ii.l 1' 



Fro. 81.— M«st.ii.«i ,.r lf««Mfmg. 



"> po&ttioo by means of the pins, the latter 

'"Her edge of the pattern, and the ramming completed. 

■ i Tied to the stage of withdrawing the 
*»* will leave the Uu -hi|>- remaining ill tlie >uu 

ml of the pattern will 

^'■"'■lit ol the Btripa being drawn 
**«Hwya nntil they safelj clear the 
■ ug aand. 
■ Sojecting liosaen are siiiiilarlv 

"""'Med by means uf loose pieces, 

" "• fig. 85. These tw [ample* 

^'"'•■i.'iiilv illustrate the applies 
™JS of (oose pieces as a mean- of 
"undrawing projecting parts of a 
F***ni which do not fail on a 

jmat line. When rai ing up any 

pWtam Blled with loose pieces, care 
. . o to see that each piece 

'■' '"nimaineil ill it.s proper nosition. 

hi ftitfadrawn as the rami 

.. co "ill lielie ii 
Iii certain eases loose 




■ii. fiiii her, all pjni 
needs, otherwise, when di 

and the i d<! lie spoilt. 

ooay be avoided by substituting n 



core. Thus, if a core print is fixed r 
take the form shown in fig. *6. Thi 




l— Met 



..i ..r.M..ui.iii, 



pieces, in certain uaea it uu becoc 

into many distinct portions. Fur example, a fluted col 
which is shown in fig. B8, \a divided _^ 
into six portions, dovetailing one 3^ 
into tlie other, in order to facilitate 
moulding- The column is moulder] 
with one joint across the centre, and 
ul'tiT drawing tin.' initial part of each 
hiilf pattern, two side piee.cn 
in each hulf mould. Tin— we 
removed in u direction suitable to 
the contour of the Htiting. This 
method of division is largely appli- 
cable to such work as ornamental 
columns, gas or electric lamp 
standards, and palisading. In 
every Otte siiiLiv the character of 
the ornament in of snch a nature u 
oftfae pattern is dovetailed on bo the main body 



to fig, 84 the pattern will, in section, 

■endere moulding comparatively simple, 

and tile recess is formed by fitting 

tin ri 1 intn the print. Similarly, 

tisi. *-i iniiv lie moulded in the way 
shown in fig. 87. The sulistitutton 
of a dry sand core for what, in 
reality, is a green sand one, inay 
increase pattern making coati u 
far as a core box is concerned, but 
tosome extent it simplifies mould- 
ing, and l eo aana the risk of waster 
ouri logs. 

Quite apart from the attachment 
of fitting strips, Isisses, etc., us loose 
necessary to snlidivide a whole pattern 
th.' half pattern of 




behind on drawing the first part of the pattern. In plan- <>i dovetails, 
segments of a circular, hexagonal, octagonal, or like form ofjcobiniu may !«■ 
jerewod together. In this o 




v heads must come to the inside of the 



pattern iu order to permit of loosening after the halves of the pattern have 
i« ■• ii separated. This is after the top part of the moulding-box has been 
lifted off anil before tie patterns are drawn. Sunn: patterns met with in 

Bllgmeennfi work have t.n lie jn;i.-< i -;il I v taken t" pieces U'l'orc they can lie 
removed From the I Id. Hence ii is of ini]Kii*tjinec ihitt all holdin.: 

should lie accessible to tlic moulder from the position in which the mould in 
parted 01 jointed. 

False Cores and Drawbacks. — In certain cases the pattern may be ioUd, 
not fitted with tore prints, and jet bare projecting portions on the side faces 
belov the joint line. In order to draw such a pattern, some portion of the 
mould must lie removed horisontally from the pattern iu order to admit of 
its free removal. In light work these removal. le part- of a mould are termed 
pee," and in heavy sunk "drawbacks." Examples i.f false coring are 
Often met with ill iron and brass ornann'iital work, and intrii-ate details lielow 
the joint line of the pattern are successfully reproduced b] these means. 
rtni.-, in the ease of flowers or beading on the side of a pattern, after making 
the joint and parting the halves of the mould ing-liox, sand overlying the 
Dowering is eut away, and a false joint formed, which widens as it leaves the 
I ml tern. The whole of the projecting Mower is thus exposed, and the joint is 
in. "Ii is Btiofc a fashion thai a core may be formed within it, permitting of 

•teal remenl from the pattern. After making the joint, parting sand is 

"I'l'ii'd is usual, and strips of paper laid on the sides, sieved facing sand in 
talked into the pattern and round the joint. A small hall <>f clay is pressed 

''■'■' tin- centre uf the cure, and the cure completed by tricking ill sand to the 

* 'l Mi the mould joint already formed. After making the mould reads (or 

"■' removal of the pattern, the first step is to cut away the sand and the bfiek 

'' ' In' l.ilse core. A core pin is then inserted catching into the clay of the 

''""•■. tin pattern is lightly loosened, and the core gently drawn away until 

''"■"■ nl the pattern, when it may be lifted up and laid on the joint. The 

I"' ''iii is drawn and the core returned to its former position. The back of 

"■■' ■ ore, which had been cut away, is made good by tilling in with sand bo that 

'"-"*-«-.' shall he a solid backing to maintain the cure in position when [he 

of the fluid metal comes on it. The purpose of the clay will readily 

,! -■>■• n In lie that of giving body to the cow and providing a material into 

lifting pin may be inserted. Naturally, one easting may require 

"in 1 1 v fuise eores ; hut tbc method thus outlined is, irrcsjieetive of the number 

quired, applicable to any small easting. 

* hpvinnsly. el.iy can onlv be employed as a lifting medium for false cores 

iiM-li -mall -i/. . and, when depth and width each exceed '1 inches. 

J****** eolid stiffening Ik nes necessary, false cores lifted away by means 

'/( ■*OpportS Other than clay are mure legitimately known as "drawbacks." 
1 '"'-■ mi 1 1] mis may take the form i>r a piece of coke, a wooden chock, a oast 

16, grid Or plate, or a piece of si t.-inni. \n example of the use ol 

■ii drawback plate is shown in fig. H'.K These platen are cut to the 
ontour, and bedded on the joint, the upper face being clay- washed, 
made it] the plate, and the mould carried to the stage of 



The, 



™*ing the pattern. The back of the drawback is cut away to allow of its 
novement. It will be noted that the operations are precisely the 
"me as in the making up of a false core, except that the central hall of clay 
in the latter is replaced by a foundation plate of sheet-iron to curry the sand 
b'-Uk drawback. Exceeding 8 inches iu length, sheet-iron becomes too springy 
a drawback plnte, mid it is replaced by plates of cast-iron. These 
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plates are made to the rcunirod size on the open sand bed, suitable lifting eyas 
and strengthening rods being itisI in. 

B%. B9 rapreasiibi one of the smallest diawbaoki. n ■ manipulate.! 

entirely by means of the lingers, and removed From and into |»>siti.ni l .> n 1 1- 

of thf sheet-iron plate. Wig. 90 ihows another t \ |h- of drawbaok which 




Fen. 



■Small Type of PrawWk. 






].i'.M-ii ( Mll\ I'lirm-i (i complete si-It- df the mi mid, and is treated as though h 

were a DOS pall and handled liy iin.riu> uf u crane. The particular Casting i- 

01 gun-port dOOT unut in guu-inctul, Imt the actual easting in of loss luiiliietlt 

thiLii t)ie Features introduced in making the mould which hit applicable ti 
s tv |«'-i ot eastings. The pattern i^ bedded in the floor mid jointed, u 




— Lurge T)'|w of Dnwlnek. 



shown. [In- horizontal |wirliou being levelled 
by the aid of n spirit level, and the inclined 
portion Formed in a small pit stout 1 feet 

deep ley ti feet w Ide, Tin- joints down the 
Hide Of lliis |nt Follow the iiii'liual.ion of the 

pattern, which is such thai the lowest put 

projeota i e >'■ inches beyond the highest 

part Obviously, a flat drawback plate would 
mil Dairy such a depth ..f overhanging Band : 

hence, two rows of Strengthening rods aiv 

cusi in, the hark row being perpendicular 

and the front row inclined from the par- 

l-rndieiiJar tO follow I lie juint of the p.illeni. 
Fig, 91 shows the arraiiL'iui'iil 01 tin-.' 
rods and tie' l».i lifting tjttl foi attaching 
the plate 1" tin- sling- Of a crane. Two 

snugs are also shown aJ the back of the plate, 
asob one being cored out This drawback, 
whin completed, will form a fairly heavy 
Daaaaofaand and inet.il; therefore, in order 
to ensure thai it -hall not .sink, the bottom 
joint of the pit must he very firmly rammed. Ah a Further precaution, two 
llai weight* are liedded in with their upper faces level with the joint, thus 
ng a secure and unyielding support t" the drawback plate. It. has 
id rend v heen tinted that drv parting Band does uot readily adhere- M 




-Drawback Plato. 



* sloping joint; hence the joints of the side erf Hie pit arc " f wipe red ,"' 
™*i paper being held in j»^i(iun by small iMi-k-. proas ed into tin? joint, 
"•e drawback plate is olay-waahsd, pliu--il in pisitjiiii, ;ui<l rammed up aa 
though it were a loose part. Here two features require notice. The 
atrengtheniug roils should show no tendency to spring ; but if they do, they 
nmy l>e tied together by wire and united by jamming small chocka of 
Wl ""«l between each I u»r. Frequently sneli ;i put tern has a recen which, 
*° oht«in a good parting, will require nailing, that is, sprigs an bedded in 
us the ramming proceeds upwards. To give a solid lmekiii^ for 
boards are wedged against tin* sides and buck of the drawback. 
'■ ;Lr * iiniiiL' in courses is continued until the horizontal joint is rcm-lii d. 
'.""I the top of the drawback is levelled off to form B continuous and level 
) ( ''nt. A top pi it covering the exposed part of the pattern and the top 
"' tin: drawback is then hid in ]x>sition, runner pegs inserted, lifters, if 
"''iUired, and the whole rammed up. Before removing tin* top part, it is 
■*fc«d; in order to give guides for its return. After removing the top part 
i^_ pit is cleared, and the plate is staked by driving in ituii bar* at each end, 
*'' ''-li serve as guides for the lower pirtion of the drawback, and V-groovea 
ara cut at its junction with the flat joint. These serve us guides fur the 
"I'tH-r part of the drawback. The sand overlying the lifting eyes is cut out, 
!l1 " ' tin* crane brought into position for lifting. However, before removing 
! '"' •li.iivliack, two points liave lo I"' considered: (I ) if the aforementioned 
w "****i is ] in-sent, this will pivveul a vertical lift ; and ("2) the overhanging put 
"' tl l( . drawback will throw it out of balance. These involve that the draw- 
lnwL-it shall not be lifted vertically until it has been removed sufficiently far in 

ll " ■ii/milal direction t., clear the r ,'ss. Ill order lo lmlance the drawback, 

""- toe of a cramp is passed through the bole in each snug, two bars are laid 
i * <!, ^'«b these Cramps and a weight placed on them. A trial by just biking the 
*'*-'■' Whl of the drawback in the crane will at once tell bow the lmlance is. and 
tlie weight may be moved either in or out as required to effect a perfect 
This obtained, the full weight of the drawback is taken by the 
' ri 'i>.', hut n.j more, and the whole is drawn forward until the noon is 

"''•l-red. 

The drawback may he then hoisted out of the pit and rested on battens 
'" r mushing. The removal of the drawback permits the removal of the 
i L "-t"m. as also the finishing of the I Hit torn pirt of the mould. When the 
!l ""'lil i- ready For closing, the drawback is returned in a similar manner to 
'■''at followed for effecting its removal, that is, it is lowered vertically down- 

**H» at some diatance from the lower part of the mould and retur I to its 

in a horizontal direction. The two stiikes at the bottom and the 
"'"'■lie* at the top act as guides in returning thedrawback. Evidently, when 
'""ting this mould, there will be considerable pressure at the Imttom of the 

'"Ti'tljack, and the least possible vemcut will result in a casting thicker 

" l: "i i li<- pattern. Comparatively little movement will result in a waster 
*ting. It has been shown that in the case of false cores, or small drawbacks, 
""' Hind cut away to allow of removal of the core must In.* made gt««l in order 
u > givf a solid bucking to the core or drawback. So, in the present case, the 

"Whack si be firmly secured in order to resiat movement due to the 

generated by filling the mould with liquid metal. However, owing 
1,1 Uh depth <>l the drawback and its inclination, the conditions are more 
■WtW than in the coiupirativcly simple eases already outlined, and a 
lacking of sand only will tie insufficient. Therefore, an iron plate is solidly 



bedded against the nde at tlie back of the pit, and from this plate 
the bottom plat* of tho drawliaek is seeurely wedged bj means of liars 
and wedges, A course of sand is compactly rammed over [he.se liars, and 
ji plate then bedded mi [lie drawback cot responding to that nt the back of 
[lie pit, and the two plates wedded as I h-i'i n. ■ . The irhok |>it is then com- 
pactly rammed with sand, level to the top of tho drawback. The top 

piirt is returned to position, weighted down, and the mould made read] 
Ittr ranting 

The procedure advocated for binding the drawback in poaitton: amy wen 

elaborate. As a matter of fact, it takes cnm|iaratively little time and avoids 
a considerable amount of risk. It must !«■ re mem tiered that a drawback mi a 
beddod-in job receives no supjiort from the sides uf the butt part. When 

a bottom part is employed, a drawback oan undoubtedly be maintained in 

position by a solid barking uf sand between the drawback and the side of the 
lxix. Where a bottom part is not used, as in the ease of a deep drawback, 
the outward pressure must lie resisted by supporting tho drawback from a 
solid and unyielding supjiort. Hammed sand alone is insufficient for this ; 
hence the reason for solidifying the back of the pit by bedding a plate up 
against it and wedging the drawhaek I'r it. 

Sufficient 1ms been given to show the applicability of drawbacks; thev 
are used on many forms of engineering eastings, and more especially in 
machine-tool work. For instance, tin- sides of a mould forming a lathe tied 
are often made as drawbacks, which provides fur miy projecting |iortiona and 
at tho same time allows easy access ti> the mould for finishing. The latter 
aspect is of some moment, and certain eastings of deep and narrow section are 
often made with drawbacks simply to v'ivr across in finishing the mould and 
filing cores. 

A further as|ieet uf rlrnwbaeks is found in substituting [hem for deep lifts 
in the top part. Thus fig. H\ may, alternatively, be made by means of two 
drawbacks instead of the two deep lifts oa shown, For drawbacks of this 
character a long piece of cupola cuke, roughly broken to the required form and 
i : lay -washed, forms an admirable stiffening support anil lifting medium. In 
other cases, in order to avoid a deep lift, a cast-iron frame or pocket may be 
used. These Frames arc usually tapered, and the side coming against the 
pattern is open. A good example of the use of such a frame is found in 
fig. 92, representing a rectangular etiMine: with an outlet pipe placid some 
distance below the joint. If ibis mould, jointed as shown, were lifted in 
file top part, owing lo the square sides of the pattern a bad lift would 
inevitably follow. Hut if that portion of the mould overlying [he top half 
of the nutlet pipe is made as a draivliack, a clean partingf is readily obtained. 
To effect this the joint is made as shown, and a cast-iron pocket fitted in, 
with ll ] mi i Mile h) the pattern. Tin- is rammed ami treated aa a draw- 
back. As the flange on the pipe is loose and in halves, when the drawbar k 
is lifted it may be cased by drawing it slightly away from the pattern. 
This gives a dean parting, because, as the drawback moves from the 
pattern, the square sidos of the latter do not adversely affect the character 
of the lift. 

Moulding in Three-part Boxes.-Tho use of a mill pari was indicated 
when describing the moulding of it pipe on end. Where a mid part is em- 
ployed, a divided juittcrn is necessarily required. As an example, the two 
flanges of the pipe were loose and the pattern therefore in three pieces. The 
most familiar example of three-part moulding is found in sheave wIiccIr or 




GREEN SANP MOULDING 

■ imjrs having the diameter o! the rim less at the centre than at the 

Mm edges. These patterns are divided through th tre, u in fig. 93, the 

btl^bemgdowellwl together in order to enauroa hue til. When moulding, the 
W.i, ,ni | l;l ]f nf the jmttcrTi m Iwdded mi mi oddside, rammed up, and turned OVW\ 
Tlif flat joint ^ made down to the outer edge of the rim of tin: pattern, 1 1 ■ •■ tup 
ball nf which M then plaeed in position iii n! weighted iluwii. '1'ln' mid part to 
oam the groove of the sheave is clay-washed and placed on the bottom part. 

u ilii.- mill part has to oany a certain 
■aamt ol sand, and has no central 
sll I'pirt, it should be tree from Bpring, 
tt "<l its nbiliility may be increased by 
"'Icing in four bare parallel with the 

''I 1 ', lull ;is near to the pattern as 
pofeshle. Sieved sand ie tuoked into 

of the pattern, the weights 

''" (rhioh prevent the top half fr 

Wag breed upwards. In the centre of 
the groove a row of clay- washed sprigs 

ol nail rod ave bedded, receiving 

from the bare fixed into the 
"'i' 1 |hirt. Tucking is continued until 
'to iijijier edge of the sheave is reached, 
I the 'inter portion of the mid part 

: Hid jiiinli'd. The arms, of the sheave are tlien jointer! and de 

■ imming the top part. After removing the top part, the upper half 

Ml tin 1 pattern is drawn, wliieli leaves the mill |i:irl I'vee [or re val. After 

ie mid part, the lower half of the pattern is drawn, the mould 
Bnhhij and closed by returning the mid part and the top part. Sheaves 
*•* usual I v gated by means of u plump gate on the boss at the side of the 
WlttaJ core. 

In jobbing foundries, patterns an- not always available, and moulds have 
■ l! times, hi be made from old eastings, Thus, if a mould has to he made from 

1 divided sheave, it may he i tided in a two-part bos, the groove being 

'""'i "lit by a series of draw harks, each of which forms the segment of a 

■ piste core "i' dnn back, or, 

instead of this, the gi-oo\i' may 

he tilled in by a trade re 

print and dry sand OOTOS iniule 
in segments to till the print. 

This involves making a run- l.u\. 

This method is often applied bo 

legitimate patterns: but as the 

lonwarily to be made and placed 

liable to l"' out ol truth, and. at 

Only parativelj 

nplete ritruliir BOTB, 
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ihenves uf large diameter bav 

111 'In add in segments, tlir groove 

II||,| ":'1. .i join! "ill show al each divisi f the 

"■"'-'II sheaves may bo cored out by i 

""I Hi" larger the diameter of the sheave the greater the division into 

*g ills. 

hi moulding a sheave by the method first given, the piir[KMC of the mid 

|wt is to lift away the sand overlying the bottom half of the pattern, in order 

to permit Of its removal from the mould. If the halves of the pattern can lw 

. .;. from each other, then [lie neressily for a mid part vanishes. In 
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practice, this i* sohieved bj > tiding in i two-part boi Rod regarding oacb 

half as a top part fur the time being'. In other words, by means of a "double 
tatunn," the mid put may be dispensed with. As baton, the tarer haH of 
the pattern is bedded on on oddsids) and the bottom half of a moulding-box 
placed over it. This part in temporarily converted into ;i top part by wedg- 
tag in nosh- bars, in order Unit it will permit of its lieing lifted directly off the 
pattern. A runner peg in placed on the boss of the pattern, and the part 
rammed up end twined over. The joint in carried down to the bottom of tin' 
groove, the upper part of the piitti'rn placed iii position, and the groom 

tucked in with sand and stayed b] m is of Mjii-iirs. 'Die second joint is 

carried to the box edge, and the unu of the sheave jointed end made 
reedy for the top part. This part is rammed without a gate peg, lifted off, 
turned oyer, and finished. The upper purl of the pattern is drawn, and 
the exposed parte of the mould finished. The top [iart is then returned, 
the two Imxes cramped together and turned over, thus bringing the part 
with the gate uppermost. The gate is cleared from the loose sand, and 
this part lifted on; thus giving access to the remaining half of the pattern. 
This half is then drawn, care being taken to prevent any loose sand falling 
into the lower part of the mould, the latter finished and closed lvadv 
fur casting. 

This method, known as a double turnover, or a tumbling oow, is applicable 
to many split puttenis in which the outside diameter is smallest in the middle. 
A limitation is only found when the weight of the half pattern is such us to 
crush the sand when turning over for the second lime. This at once 
negatives the use of heavy metal patterns, hut comparatively large woodm 
patterns may !"■ need in this maimer. The halves of the \«*\ being in jn-rfect 

contact when being turned over, the core forming the groove cannot ro, 

and it is thus maintained in its true i«>sitiou. 

Other methods of eliminating the mid part, or at any rate lessening Die 

labour Connected With it, are worth noting. Fig. 95 represents a type of 

small eastings often met with; in dividing the pattern, the upper part and 
stem should be in one piece. The lower part is jointed level with tin' joint 

oi iln DOtt part of the hox, the hulk of the pattern thus coming into the 

top part. Sand is then tucked in lietweeu the two parts, and a second joint 

for I, as shown in tig. 95. The top part is rammed and lifted off, leaving 

the whole of the pattern in tin' bottom part. The up]>er part and stem are 
drawn, taking care not to disturb the sand core. The joint ilf this core is 
then clay-washed, and the top part returned and lightly pressed. On again 
lifting the top part, the whole of the core will come with it, thus allowing 
lor the removal of the bottom part of the pattern. This particular method is 
only applicable to comparatively light iron or brass castings, but it, is largely 
followed in moulding ornamental fruit dishes, stands, card and ash trays, and 
similar articles. 

Fig. 90 shows a type, of pattern which, if moulded with the small flange 

uppermost, may have a •• paralivelv small top part, the mid part in rcalitv 

becoming the top part. Such a pattern would ordinarily l>c moulded in a 
two-part box, Che Upper part taking the whole of the upper portion of the 
pattern, and being of such a depth as to reach the top of the small flange. 
'I'M- tlauge is jomted and covered by a small 1k>x some two or three inches 
larger than the thinge. This box practically lakes the place of a removable core, 
and, although it does not avoid having a joint, it does save a certain amount 
Of ramming. Before removing it, marks are made to serve as guides for its 



1 ' ' ' i ii i. up- wliiU-uiiiL! ni;i v !>"■ .-Iiaken mi 111.' tour ainicn, which "ill wrvc till' 

MM purpose, 

met removing the loose Bangs, the ramaindsx of the patten should be 



1MB1 




■W with llif top part, as, owing to the straight Imss, ii good lift From the 
jwtU'ni would lie sufficient. On turning this part over, tin' pattern is readily 
drawn from it. When closing the luoiild for casting, the lower boxes arc 
fniniped together, and the small top part 
"" [ -<- be weighted down with loose weights 
"'' iTiinijK'il by passing two bars over it 
""•I cramping from the ends of these burs 
"" to the main box. 

Assuming that fig. 96 is moulded with 
''"' mall flange down, thou a bottom 
MM deeper than the pattern and a shallow 
"•part are required. Alter bedding the 
Ptttorn ia. the top part as an oddsidc, the 
™wwh part ie rammed up until level with the smalt flange, around whieh a 




)""'t is made. Two flat piec 
kl «i*er the flange and havi 



( of dry wand i 
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turning over ; the Further tre 
'iriL'Ic-jiiinli'd casting. Other examples o! 
paita, are afforded by patterns having L o 



loatl] cake are then fitted 
wind joint. Each of 
these cores must be 
recessed to take half tlie 
core print ; and when 
the two are. in position, 
they should exactly fit 
the print After titling 
iKi' oaves, the flange ie 
drawn, leaving < 1 n- print 
in position. The eovor- 
ing eorea are returned, 
care being exercised to 
avoid the entrance of 

Iipip.sc sand into the 

flange. Hamming jg 
continued over the cores 
until the bottom part is 
be eairin m that of a 
ores, so aa to avoid mid 
pie 



extensiu 
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case, a bracket OB * tint plate is selected, mid an examination of fig. i»7 will 
than tin' j i nt IiimI of moulding. It may 1".- noted that the sand [nickel forming 
the bracket will require stiffening with nail rod. The covering 
applied precisely u in the Conner case, that is, the Bat part of tin bracket 
is drawn "lnii rananingupthe bottom part, and oorered witn a mm, ramming 
completed and the part turned over. It will aleobe remembered that covering 
cores were used in the wise of moulding ji box put I" form the snugs. 

In examining tigs. 96 and 96, the thought will naturally suggest itoelf — 
why not divide the patterns along the length of the stem or the boss, and 
mould them aa ungle-jouited patterns ' This, of course, could Vie readily done 
with tig. Ur», assuming the lower face to he phiin ; but, as noted, the method 
given is chiefly applied to ornamental work which demands n vertical draw, 
(.'listings of the tyjie shown in lig. 96 often have ribs connecting the lower 
phtte with tin' boa, ami, further, the plate itself niav have to be cored in 
wren) place* 

Coke Beds. — Some reference to the practice of hedding-in has been made, 
and it has been stated that such a job ia vented from the joint. However, 
irhen the dee of the pattern is too large fur effective venting frotu the joint, 
must be had to a coke bed To some extent this is simply an 
extetision of the ash vent of a core, and the object is to provide a porous bed 







some distance below the mould into which the mould gases may Im> drawn. 
Vent pipes leading from several [mints of the bed into the atmosphere oiler 
a means of igniting these gases, thereby drawing them from the 1k.i1 ondjc 
the mould. Kg, 98 givea a section through a coke bed, allowing vent pipe* 
at each eud. In making the bed, a trench is dug out sonic 16 or 20 
inches deeper than the pattern. The bottom of this trench must he rammed 
hard with the Bat rammer, in fact, it cannot be too solid. Over this a layer 
of roughly broken coke is spread to a depth of I! inches, and the flat rummer 
passed over it. This is then roughly levelled off with number pieces of coke, 
and the vent pipes (ordinary wrought-iron tubing of '2 inches internal 
diameter) inserted in such a position that they will readily clear the top part 
and yet draw the gases from the coke bed. On the smaller cuke a thin 
layer of straw is spread, and the bed is then ready for ramming with sand. 
Tins is effected in courses, the lower ones being compactly rammed so a» to 
give a resisting kicking of sand to lueet the pressure of casting. It may be 
here noted that a eovered bed will admit of harder ramming than an open 
one; and in a way this is fortunate, since liquid pressure is greater with a 
eovered mould than would be the ease if the mould were Open, The actual 
depth of sand over the coke bed varies according to the contour of the pattern, 
but is usually such as to leave about 12 inches between the straw covering 



urid tin' lowest portion of tin- pjitti'iii. Winn ;i dt pth <•! 9 inches has been 
ir.iilnrl, utrrii.irlit iilyvs ail- lu'ddVd in. levelled, ;ii]il set to gjfe the requisite 
depth of sand. Sand is rammed along tin- edges rf thfitt strips to maintain 

tlii-'in in poritiott, and ramming is eonti I between them until a height 

'if rilmut half im inch from the top has liecn reached. The whole surface of 
the bod is then pierced with J-inoh Tent wirx.-, each vent reaching nil 
into the coke lied. This venting must l>e thorough, litr;iu« the sand lias lieen 
nunmed oomparatively hard, and thereby rendered more or tea impervious, 
m luiiit' therefore l>e artificistly opened by the vent wire. After venting, a 
layer of facing sand is spread over the surface 'if the la>d and solidified hy as 
light a ramming as the weight of the easting will admit. When striekled off 
lave] with the Straight edges, the lied is ready for setting the pattern in 
position. 

Insipid of venting in tin- way described, ramming may lie carried up to the 
top of the straight edyes, the Ih'iI striekled off and then vented. Eaeli vent is 
earefnlly closed hy means of the fingers, a light layer of sand thrown on again 
and striekled. The object in both eases is to close up the head of the rant n 




ito it. Just as in venting a turned -over 
i to the pattern, ao, bare, each vent should 
gases. It cannot be too strongly asserted 
II v destroyed the moment any fluid metal 
is to have a series of passages, separated hy 
:t Una stratum of sand from the fluid metal, leading down to the porous coke 
"I In trhicb the gases may he collected and drawn off by means of the vent 
l"l"-. 'I'ii prevent loose sand falling down these pipes and thereby choking 
™k bottom, their tops are hm.si.dy plugged with tow or shavings, which, on 
. iv be ignited by a red-hot skimmer, and serve in turn to light the 
Scaping gases. 

ffliJat the coke l«d provides a. most effective means of venting the lower 
"irface of the mould, it does not directly affect the sides, and these, if of any 
'wpth, jire usually vented hy sending the vent wire ptrallel with the pattern 
•t a distance from it of an inch or thereabouts. These vents are led off from 
til" joint by means of channels, as illustrated in fig. 69. 

Out CObe bed will serve a series of similar castings but it is false economy 



U> make On« bed wrvu fur dissimilar fastings : mill it is always advisable, on 
eompleting n order, to take iijj the bed, riddle out the whole of the eaka, wd 
till in the pit again. 

Naturally, the coke lied must lie luid on mi unyieldin;: foundation of sand : 
beoM the reason lot herd ramming tin- bottom of the dug-out trench. With 
rary heavy coatings and a doubtful floor, it ii always safer to bed ■ heavy loam 
plate aa a Eouodation en which to !aj the ooke bed Such plates iln 0A1 
facilities in binding tin- moulds for casting. It is bum obvious that a deep pit 

niiisi. not act as ti "'.'II fur the aeeumulati i' water, an imj«.'rtuiit point in 

foundries situated near the surface water level, since it must be ramssaberad 
that fluid mate] and water never take kindly to each other. 

Additions to Top Parte. — In green sand work by means of bedding in, 
drawback!*, or covering cores, intrieate castings win be made irrespective of the 
Im.Tes available. However, the top surface of these moulds must lie covered 
by means of it top part, and it may be that in one direction or the other the 
part* available are too short for the length or width of the pattern. Two or 
more top parts may be employed to cover a liedded-in pattern. In this ease 
the purls butt against each other, if possible ; but it may be that lifting 
tttndlee, BnugB, or even fitting strips prevent this. If so, the space between the 
two boxes may, if the pattern has a flat upper surface, be covered with a. flat 
core after the two boxes are in position, rammed over with sand, and weighted 
or wedged down from the ends of the boxes. In the event of the patten 
not being flat, a drawback is made bet ween the two parts to take the place of 
the covering core. When the boxes butt together, there will almost certainly 
be a spaec of greater or less magnitude through which molten metal would 
teak, on casting. This space is Hrst of all filled in with tow, pressing it down 
with a cleaner, but not into the mould. Sand may then be firmly tucked 
between the boxes, the low preventing its entrance into the mould. It may 
be noted that when two or more boxes are used to cover a mould, the 
junction of the boxes should not give a metal bearing on the pattern. This is 
readily prevented by raising the joint so that the boxes clear the pattern. 
Should snugs fall between the junction, they should be arranged to lie over 
the joint, and not on the pattern. There will necessarily be more or less fin 
between these junctions, but with care this may be kept within narrow limits. 
Heavy fins are dangerous, as they retard contraction, and, by binding against 
the top part, prevent freedom of movement in the casting. This, of course, 
may be obviated by removing the top parts soon after the solidification of the 
casting. 

Complete mould ing-boxes may be temporarily extended by cramping on 
pockets of wood or cast-iron. For example, in stove-gnitc moulding the legs 
of a register front inay be curried through the box, and wooden frames of 
sufficient size to cover this projection cramped on to top and bottom parts. 
This involves breaking away some portion of the box joint in ordor to let the 
pattern come through. 

Stopping Off or Extending Patterns.— In work of a non-repeat character 
alterations to existing patterns are frequently necessary, and these lu\e in 
many cases to be effected in the sand by the moulder. Taking the simplest 
aspect of the case, if a 12-inch square plate is wauled, and only a 14-inch 
square pattern is available, then, after completing the mould, by stopping ufl 
1 inches from two sides the requisite Bine ia obtained Stopping offaiinBJhj 
implies carrying the joint forward to the required extent, and is effected In- 
laying in a Mraiejil ''I." and lilling the intervening space with sand to the 



height ol [he joint. I'ii the other Ii;iml. .-i I 1-iin-h plate niiv In' required from 
ft l-'-iiicli p:iti ■■!! i. .mil this is elleeted by lading 3-inofa atnpAcm twoeadMof 
tin- pattern. These strips should have i li<- nme Drink m— m the pattern. 
h. i be o (-'■ id" plain wuri, but of irregular contour, stripe of loud sm bsnl to 
tlie same form H Uu pattern, mid servo for either extending it OT r*lV*Tlff 
up strips fur stopping nit'. If » straight edge or bent strip aannot '»' Ism 
"Hiin- 1. 1. ■.-i.i Uu mould, aa on ornamental surfaces, a thin ■topping-off 

Slktej pnutioalh; ;i knife edge, in used. Thin will not disturb or disfigure tin' 
etjiila of the ornament. 

In many eases ii sheet-iron frame mav he used to j_'ivi_- the outer edges of 
ik pattern, as in Kg, 99, which 
r. presents the sweep for a fire 
gntte. These grates, when of ail 
imgafau sue, are made from ;i 
bugs rtAnaard grating. On oom- 
[ili'lini; t.he actual moulding of this 
pate, the position of the sweep is 
marked, and it is thou net hack to 

. I;;!- H llll tllC 

Lliirkncss of metal required on the 
Iroat edge. The curved part of 
the sweep is then lightly marked 
"ivs forming the bars, the 
■i id which are out away to these marks. The sweep is than return 

'i' 1 - positi larked and Blink down to ihc liottoni of the exiting, I In- i'iiii* are 

Ntaway parallel with the sides and back to give the requisite thickness, which 

lins Im_tii already obtained for the front, and the i dd is cleared of loose 

^i"l. Tin* outer edges of the sweep are made up to the level of the joint, the 
•Wf drawn, mid a gate cut. The top part is tried on with the object of 
""tiiii'il the thickness of the j'.iut is correct, and also of noting the core* whiofa 
™W been i;nt away. This I* fucililaUd by shakiui; ro.i ■ whitening on tin) 

wton part before trying on ; after lifting off the top part, distinct marks will 
where contact has been made. Thus, if the joint is correct, its outline 
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•ill U' shown ol i the top part ; if too ihirk, the hott part will bu crushed ; 

iL, "t n't."' thin, ii I line will show, Where the rotes have been removed from 

: part "ill also be indicated on the lop part, and this portion should 

I over so as to take away sand marks on the plain surface of the grate. 

fig. 100 shows a method or stopping off a part of the flange on a flat 

In jointing, a strickle is cut so that when slid on the top of the 

foilM n joint is struck giving the height required in the flange. The tapered 

. ■ flange is then tilled in, as shown, in order to obtain a good lift. 

iftn lifting off the top part, the flat joint serves as a guide for tilling in the 

"*»gc to the required depth. Fig. 101 is another illustration of the same 
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principle applied to stopping off a portion of tlio side of a casting, as, for 
instance, the inside of u fender curb, in orfer UD til over ■ tile hearth. This 
is jointed, as before, down to the depth reipiired to he eat off, and the Hat 
joint is used as a guide in filling op the top part. 

When bosses, or cylindrical castings luoulded on end, have U> he cul m 
the Band, a good plan is to mould the pattern as a three-piirt jol>, sinking it in 
the lowest part to tile depth required to be slopped oil. This is facilitated hy 
marking the circumference of the pattern and using this mark as a guide for 




. 102.— Stopping Off 



I'illill-i! 



jointing. In fig. 102 the portion of the pattern bedded in wind has to be 
stopped oft'; on completing the mould, this is effected by filling in to the level 
joint there shown. Before filling in, the eore should be set in its print- 
Circular castings moulded on the flat, when reipiired of shorter length than 
the pattern, need a lilling-in piece in order to obtain a new print for the 
core. These pieces, as in fig. 103, may he cither flanged or not, and are made 
exactly to fit the pipe. When set in position, a new flange and core print are 
readily formed in both halves of the moulding-box. 



CHAPTER XIII. 
SECURING CORES IN MOULDS 

Tin irons and vents in a core, aa hae been indicated in Chapter IX., give 

't-iUliiy in tin: use ease and iii the other act m a channel for the escape of 

..iitiiiiH.1 in the core. It will also be remembered that when 

inuiililiiiL' sands in Chapter III. it was stated that molten metal 

'"'iil'l nut remain in an impervious mould, because the gases would find a 

l ,;il| i i" freedom by ejecting the metal through any available outlet, as, for 

tatttace, through runner or riser. It has also been shown that the gases 

-Tuiiitiil in a mould on casting must be drawn through the wind, and that 

""' natural porosity of the sand must, in certain cases, be intensified by 

Utificial venting. Such conditions also hold good for cores, i.e. the porosity 

"f tlir ,;mi) must be further increased by vents or channels to draw away the 

grated within the core, Practically, all cores are dried before use; 

""')' therefore contain no added or hygroscopic water which will generate 

ia the case with a green said mould. The authors, however, have 

i) moulders who contend that a dry core will not, when heated, give 

. . and who further state that the reason for venting a core lies in the 

■rases given off by the molten metal are drawn through the core; hut 

111 justice it must be stated that these views are held by a few only, 

hi examining facts, the first feature of note is the almost complete 
"'""'Hi'iiiig of the majority of cores by fluid metal. As a consequence, the 
ited to a very high temperature ; thus, in the case of yellow brass, 
"* temperature reached will vary from 950* C. to 11 (JO* C.j with gun-metal 
"throne it will vary from 1000" C. to 1200° C; with normal cast-iron the 
'■"("■li.l.ire will range from 1300" U. to 1400" C; and in the case of steel from 
1 ■' ■'" i . to 1650* C. The point, however, is not one of mere degrees of heat, 
''' 'nil. I, .,s the fact that the temperature is sufficient to burn the sand of the 
""*. It has been shown that burning, in the case of sands and clays, is 
Died hy an evolution of combined water, and at these temperatures 
"m trolved water is necessarily in the form of steam, which forms one source of 
:ili"ii. Ali'itlii'i 1 '.uui'ev is tile organic and carbonaceous matter 
l )rL- wii|. in all sands, for cviinple, horse dung, core gum, coal or coke dust, etc. 
''' Hie carbonaceous materials must ho added the facing on the exterior 
"' Ike core, which, whether it be plumbago or a blacking of charcoal dust 
'■'* "-'"ill dust, will inevitably generate carbonaceous gases. 

I'n cores must, therefore, he regarded as capable of generating gases at 
^"iwutures exceeding a red heat ; further, if this gas is not drawn through 
"w core it will pass through the fluid metal. In this respect it must be 
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reuiemliered that the generation of gas in tin' interior of ;i mould offering n 
Free passage fur its escape is equivalent to an explosion, the intensity of wh 
varies according to the amount or volume of gas generated Hod bo I 
rapidity with which ii i- formed. Thus, in a mild ™-, the metal in nuuwra 
feeding heads yivi'M a slight " kirk " JDK I settles down. In tin extreme case t" 
whole of the fluid metal alcove t i i > ■ source of gits generation i.s ejected. Sn 
an ejectment is the result of one discharge of gas, which, however, in ejeefcu 
tin' metal, breaks it op into -hot, thus extending the danger area, I. 

certain eases, giving the ap(>eanuice of a series of explosions. In many cas< 
this ejectment of molten metal has heen attended liy fatal results, and, apart 
from the loss of eastings, the risk of personal injury, or loss of life, is such I 
to demand the utmost eitre in providing for a free escape of all j 
generated within the mould and its tores. 

Turning to the second [joint, that lluiil metal ^iv>.-s ot)' i:as, just suftieiei 
truth lies in this eontention to make it dangerous when used a* an argument 

However, the i Ider need not trouble or try to eliminate any gases uvolvi 

by fluid metal, for nothing he can do to the mould will aehiev this en 
(fuses contained in Huid metal, that is, oecludeil guscs, cannot be drawn awi 
by core or mould vents. Further, properly inched, deoxidised, and well-kill 
metal will not he fiery or evolve gases. It need hardly he added that, after 
Inking the tfOUHe to make a mould, only suitably melted metal should enter 
it. In every ease within the authors' persona! e\pcricnce, the discharge of 

molten metal fr a sand or loam mould could lie definitely traced to a fault 

in the mould or its cores. The word " fault" is used advisedly, for it i.s al way- 
due to the generation of gas (a term including steam) for which no escape has 
been provided, or the easy eseapc of which is prevented by the USU»J outlet 

h living become choked. 

Fortunately (be the moulder's longevity, violent ejections are coin [mm — 
lively rare j the milder forms, however, are not so rare, and, if nothing more, — 

they tend to risk the loss of a casting. The kick previously described iudie.-ite: 

the passage of gas in the wrong direction, that is, into the metal instead tria^B 
thvoii^h tin' mould OT core. It may he thought that the gal having, bj — " 
means of the kick, found freedom, that the metal will settle nnietly down 
again. This, however, only occurs in a few fortunate cases. Generally « 
IHnting which has kicked will contain a few or many blowholes alum; thu 
path followed by the gas. Klow holes not due to the nature of the metal a: 
simply trapped bubbles of gas or air, which may, or may not, be detected < 
machining the casting. If undetected, it constitutes a source of u'eakne* 
and, to some extent, is always an element of danger to the working life '. 

tiii- (mating 

Evidently, then, aa cores give oft' gaa when heated, and as, in the majoxit^g 
of eases, all but the extremities of the cores are surrounded by fluid a 
follows that not only must the core la' vented, but also that the gases geue^^ 
atcd in the core and collected in the vent must be drawn away through th^ 
mould. This practice is summed up in the term " leading oft" the vent": r 
other wonts, leading the iore vent through the inoiildingdsjx, so that, on i ~~ 
ing, the gases evolved by the erne may be lit outside the box. With i 

run up on barrels, the latter often project through tin' box, thua con IBU 

tin;; directly with the atmosphere ; hence, no leaditiL' oft' is required, hi sn- 
a ease, the end of the barrel is lightly paeki d with -ha vinos, which are lit < 
casting, and serve to i-nite the gases evolved. In the case til' sand cures - 
in a vertical position, the vent is most conveniently brought through the U'J-*1 
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part of the monlding-liox, as illnstijttft in fig. 94. To load off u vent in this 
"'"v usually means that, in mould ins;, tin' cove print is carried through the 
'''j) |«irt, jut indicated when describing the inouldirig of a pipe on cud. With 
"" open print of this l' hi l ruder, a rod uitiy be inserted in the vent of tho core, 
tne edges of the oore packed with tow, and the print tilled in. On removing 
'<>•■ rod then: i. ,i dear communication between the oore and the atmosphere. 
8*«md coree eel horigontaUy in the mould have their vents led away through 
the? joint, Thus, assiuniiiL! | « - it'i ■■ ■ t ivmtin't ln'lwi'i.-ii r-ipiv hiiiI print, all that 
iry 'u to icrape a channel along the joint, and to lead the vent of the 
<■■•->-..■ to the box edges. Suoh an assumption is, as a rule, perfectly safe in 
repetition work, in which patterns and core Ixwes correspond exactly to each 
'itliir In jobbing wink this h-i .iT'-sjMim Icmv does not always "ceur, and it is 
'!' ' i te possible that cores may lie slightly smaller or fuller than the prints. If 
sui*dl, metal will get between core and print, possibly entering the vent, 
lli. ■ ,,l,i destroying its purpose as a channel for the escape of gases. A choked 
v &iit is worse than no vent at all, and a blown easting will certainly lx* tho 
f"«*ilt. Not only so, but the metal will pass aliac' the channel cut for leading 
"3" the vent, and ao cau.ee a run out, which, of all foundry mishaps, is the 
"n.>st vexing and the hast excusable. On the other hand, if the core is full, tho 
,1 " ■■ ililer will have to card it down to lit the print, and the chances are that he 
"•11 card it slightly smaller than the print, in order to prevent a crush. 
1 1 <« tnafora, in doubtful eases, the safest plan is, after fixing the oore and QBE 1 
|!|I K a channel. to place a string in the core vent, leading it along the channel 
""I arer the box edge. The channel is filled in level with the joint, and the 
'■'■ ' mil: drawn after closing the In], part. If tins plan is followed, even if metii 
between the core and print, it cannot enter the vent. With cores 
Ul vii,j_' aith vents, a larger channel is cut in the joint, loosely filled with small 
c ' J ' t «% and the joint made goixl as liel'ore, thus continuing the vent of the core 
' ''--'lit to the edge of the luix. In this rcsliect, it may be noted that the jmiit 
"^t-Vecn two parts of a moulding box is neither air- nor gas-tight, and the 
*S**»es evolved by a core will readily escape through the joint, 

In iiitain cases it is necessary to lead the vent through the bottom part, 

V't-'h, if level with the foundry floor, may lie managed by means of the vent 

'*». A series of vertical vents are made in the print before placing the 

TV 1 ^ ; and these are in turn connected with a series of horizontal vents 

f^'^rted between the bottom of the box and its bed. When the casting is 

'"'<led in the tloor, such vcitt should be led down to a coke tied. Bottom 

,, enie. should always la: a last resort, as, wherever |>ossible, all i 

''-■*i». -I,, ,1.1/ ' 



"■•U-lmuld be led tbn 
t In a composite c 

■ in fitting t 






ugh the top part, or, failing that, through the joint. 
vents may have to be led from one COW to another ; 
"»vf,.|v, ill fitting them in position, every care should be taken to see that the 

i _ v ' , »t>. are clear, anil that c act between the two cores is such that no metal 

lll > gat between them si. as In destroy the vent. If the separate cores lit into 

/'" another by means o[ prints, a safe ami itinuous vent is easily achieved. 

i '"'o two cores butt one against the other, it is safer to have separate vents, 
'*' vent Imles at the point of contact being closed, or filled in with a mixture 
* I'luml.agii and oil. 

In all cases in which moulds arc rammed in a pit before cast in;:, caie ■.! 

*'- taken Id sec lhat all core vents are brought to the surface by means of 
1 "'".-k. Finally, although many examples cannot l« considered in detail, it 
*'ll Ih' seen that the whole secret of core venting lies in having a clear 
V**«*igc right through the core to the atmosphere, and that precautions must 




OENKBAt. FOUNDRY PRACTICE 

lie taken to avoid r.-lmkin^r this passage during easting. Whatever method 
will moat readily aeoan this end must be adopted; but the method will, of 

necessity, vary according to tin- character of corn and mould. When easting. 
nil cure vents arc lit by applying ■ red-hot skimmer at the place when the 
Tent issues from the mould. 

Quite a]i:n-t from venting, important pointa with cores are that when fixed 

in the mould they must lie true to [wsition and perfectly rigid. Perfect 
truth is readily obtained when prints and •■ores exactly eniTcsp«uid, and. in 
such a easv, idl that ia neaeaaary is Bo maintain the son in position during 
easting. Where such truth is not found, the cores must be D6fitMd in the 
mould ; this can often he effected 1 1 v means of calipers. 

Practically, all cores set in u vertical jxtsitiou may !«■ centred from (he 
sides of the mould ; but when calipers cannot he used, as In cores sel in ■ 

horizontal |>ositi the thn kness of metal must la- tested hy means of small 

balls of clay. Thus, hulls of day are placet! in the hott part of the mould 

at all points of which the thickness of metal is desired, and the core placed in 
position. Similar halls of soft clay are placed on the upper part of the OOIO, 

and the top part fitted on. I in re ting the top part, the thickness to which 

the halls of clay have heen squeezed will give an index as to the thickness of 
metal, similar information being gained on removing the core from the bottom 
part. Any locally thin parts are remedied hy carding the core with a card 
wire, nr thickening the mould according to circumstances. If the prints are 
too easy, the core must be raised in them hy just half the amount of difference 
between the print and the core. Tins naturally involves packing, and the 
materia! wo employed may he plumbago and oil mixed into a paste, a thin 
layer of sand, nr thicknesses of brown paper. If the print is smaller than the 
core, the latter must l>o carded down to size, or a crush will follow. These 
remark* apply to cores sitting in horizontal prints; vertical cores are tested 
hy calipers, and directly centred from the mould. It may he noted that clay 
halls may be made to adhere on the sloping sides of a core hy small tacks, or. 
in certain eases, lurks may he used alone, the thickness being taken from the 
length of taek projecting after fitting on. 

Having attained the right thickness, or centred the core, the next point 
lies in maintaining it in that |">silion during casting. In other words, the 
core must be so slaved as to resist flotation and the washing action of a stream 
of fluid metal. Short cores in a vertical or horizontal [msilion arc sufficiently 
stayed by top and bottom priute. A point worth noting is that horizontal 
prints of green sand moulds must he of sufficient strength to carry tin' weight 
of ila- core On one hand ; and, on the other, of sufficient stability t" resist any 
Upward movement uf the core when easting. 

Hence, it is often advisable to strengthen a short print by 'bedding an iron 
across it when ramming- up bottom and tap parte. Some types of valve and 
cock cores may lie made with hall prints, thus giving a good bearing in the 
print and a heavy Iwidy of Band to balance that in the mould. 

Long cores carried by two opposite- prints, when cast in a horizontal 

poaitJ tend to lift in the centre. This will occur in cores of length, no 

matter bow firmly the prints are secured ; hence, the metal on tin top of the 
casting will be thinner and that on the bottom thicker than desired. In an 
extreme ease all the thickness will he on the luittom, and the top at the 
centre uf the casting entirely nit through. This introduce* the use of 
chaplcts, studs, and pipe nails. Tic lust are simply iron nails, with large flat 
heads, and tinned in order to prevent rusting. They are used in >i> -■ l tad 
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ir I'lins.'. "Iiil-i il.d lii'rwled copper nails are used in brass and bronze 

ilding. I 'Indicts arc formed from sheet-iron, brass, or copper, according to 

(In.' i-lass nf ftistini;, Tliev a iv formed of two plates, ri vetted together liv pi 
[iin. die distance apart of the plates being varied to suit the uiicknen of 
metal between tore and mould. Pipe chapletfl arc circular discs of sheet-iron 
into which i long stem in rivetted. Types of cbapleta, ete^ are shown in fig. 
104, and their oh will be indicated in a moment. Studs are chiefly used in 
'■I:'-- ulding. They may !•>■ either turned from rod, or east in the form of 




Fin. 104. — Chaplets. 

Before use, they should be thoroughly cleaned from adnering Rand 

"'"'t inm fhupk'ts of various sizes lire storked by all foundry supply houses, 

111 tee authors have always had to make their own topper chuplots. Such a 

ah with the pin carried through the plate, in order that the ohaplet 

died "ii to a sloping core or mould, Studs, when used on sloping 

re tacked in ]Hwition by minus -if small tacks. 

Tile purpose of a stud, chaplel, or Hat-headed nail is to maintain thii eore 

'" potition during casting, '"it, obviously, the insertion of a ohaplet between 

■ 'if.v oorc and a green mould "ill not achieve this end; for, when pressure is 

'] : l'li"l to the core, it will lift and force the ehaplet into the yielding sand. 

"* .-imjiiir reasons, a ehaplet cm t be used alone on a green core. The 

,|l; i['li[, to lultd its function, must have direct contact with an unyielding 
and, whilst a dried core may be regarded as firm, a green mould 

" ■ to viewed. Herein lies a matter of great importance, s aid only 

lo that of venting. The authors find that, as a rule, far too much time is 
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given to placing chaplets in a mould and far too little to securing an adequate 
support for them, as an axiom, it can }„■ taken thai tin- fewer the chaplets, 

t In- I letter tin: result, provided » -: i ■.- 1 ■ one is euectivc. find that an ineffective 
chaplet should never lie placed. To secure effectiveness, the golden rule is 
metal to metal, tliat is, tlie chaplet is continued by metal to the top of the 
box, where it may be either weighted or wedged into an immovnHe position. 
In the cane of bottom parts, a solid bearing is obtained by ramming-up or 

lieddilij_'-iTi metallic packing in places where chaplets have In lie placed. A 
similar end is attained by bedding a block of wood in the bottom part into 
which ft pipe rail may be driven. This nail may lie driven flush with the 
face of the mould, and a chaplet laid on it, or it may be left projecting to the 
extent of the thickness of the metal required. With cores cast in a horizontal 
position, the greatest lifting pressure is below the core ; hence, the top of the 
core requires the most attention in securing. The position of studs or 
ohaplete placed on n core is noted by means of whitening and trying on the 
top pirt of the box. On removing the top part, the position of each stud is 
shown by the whitening, and a hole is pierced through the centre of each 
mark. When the top part is returned, a rod is passed down the hole previously 
made and bedded on the chaplet The top of this rod is packed with metal 
packiiiL'. small plates, etc., to the same level as the top of the box, and a flat 
weight bedded on. With metallic contact throughout, any pressure below the 
core can only lift it when that pressure exceeds the weight placed on for 
holding down. 

Two important conditions must be observed here: (1) the lower side of 
the euro must lie so stayed as not to yield when its upper side is ehapletted 
down ; and (2) the skin of the core must not be broken, and the chaplet must 
not penetrate the core. These two conditions demand recognition when 

applying weights to the upper st chaplcts. Hence, the weight must lie 

bedded on the top -surface of the DOT ; in other words, the load must be 
carried by the box and not by the core ; but from the lower (side of the weight 
right down to the core there must be ;i rigid support for the top of the core. 

Also, lor the same reason, green sand cores must have a metallic projection 
from the core barrel to the surface of the core in all parts on which a chaplet 
has to be placed. 

Weighting down in the manner indicated is effective with the majority of 
small and medium-sized cores, but in many ease- wedging is preferable. This 
is effected by wedging a cramp tiruily across the top of the box. Hetwccn the 
top of the iron leading from the chaplet and the underside of the cramp a 
wedge is inserted and tightened. The hitter requires care, for, if the wed-e is 
driven too tight, either the core is depressed or its skin broken. Weighting 
and wedging are applicable in all eases in which cores arc placed in a hon/ontal 
or an inclined mould. It may be noted that the contour of the chaplet should 
he bent to follow that of the core ; that, in evi-ry case, the chaplet should lie- 
dry ; and that, in green sand moulds especially, chaplets should not |j,- toe 
long liefore casting. i lusty chaplcts are dangerous, chiefly because the rust 
indicates the presence of water, iron chaplets should always be tinned. 
When an uiitiiuied chaplet has to be used, it should be heated to a red heat, 
and allowed to cool liefore placing it in the mould. Such a chaplet is afai 
better for a coat of oil previous to use, or chalk rubbed over thi 
will answer the same purpose as oil, namely, to retard to some extend I he 
deposition of water on the chaplet. However, notwith standing preoatttWU, 
chaplcts are often a source of blowholes or unsoundness, especially in the ease 
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"f high -pressure steam or water castings. 'I'lcv are, however, a n-rv neceasan 
>>il; therefore, all possible care must !«■ e\cfeised when using them. B 
■'■■■ !■■!■-" may in replaced by a solid stud coated with loam, which is removed 
Etta tin' casting, mid the hole tapped mis ilir* -^ul and plugged. siimhu-K , 
ings may be chaplettcd down by passing iui iron rod on to a brass 
pitta bedded on the core. The iron is removed from the casting, mid the hole 

With moulds in which the cores are vertical, the necessity for side chaphts 
vanialies. Castings, such as long liners, plungers, and cylinders in which the 
main cores are vertical, repmv no chaplcts. except on branch cores, such as, 
i"r instance, those of the steam ways of u cylinder. However, other Maunder 

■■■. nf which the 1 ynney i if tin. 1 cure and the necessity "f inaintain- 

i.entral position are of chief moment. A built-up cylinder core, 
"•lien cast in a vertical position, is held down by the top plate ; and as both 
mould and oare rest an one foundation plate, the two plates, when tied 
t.-._-t. n;t] 1 v secure mould and core against vertical pressure. A 
■Veroore in .1 nod mould differs in that its security must \>e obtained by 
nam of top and bottom prints. The bottom prints must, therefore, give au 
'"'yielding hearing to the core, which is afforded by metallic packing or 
QMtuce pieces from the bottom of the box. If the liner is of equal section 
lolwighout, Uut is, a simple pipe, then there will be no upward lift on the 
''"re, further than that induced by its buoyancy. The latter depends on the 
■tight ■■!' con .iin! barrel and the thickness of surrounding metal. Thus a 
HOoh 11. re, placed vertically in a mould 5 inches in diameter, has leas severe 
WXfitions to meet than a core of the same diameter placed in a mould 
J8 fashes in diameter. In one ease the core is surrounded by J inch of 
I, which quickly solidities ; and, in the other, by 16 inches of metal, 
"''iHi keeps fluid for 11 considerable time, i 'oiisidcrationB of this kind 
'■""'" [lull in all foundry operations judgment must be exercised ; and in this 
(""ticiilar case, whilst the risk of movement in a vertical core surrounded by 
I. of metal can lie provided against by prints, these factors become 
™snfeas the thickness m" sin-rounding natal increases. A long core having 
* "'lid beanos; in the bottom print may !»• weighted from the top print 
•Oewhat after the style of weighting down a chaplet. If the core Uirrel does 
li "' continue through the top joirt, it is lengthened by hollow distance pieces 
i.,..| down. In weighting, the vent must not be closed. If the 
"""ft 1 ) projects above tin- top |uirt, weights are laid on the edges of the Ism 

. 1 two Imi-s laid across them Is'aring on the core barrel, but not 

j™*jng the hole For the vent. Weights are laid across the bars for holding 
**H Assuming the weights to la' effective, it will I* noted that such a 
tii-ally immovable between the metal packing of the bottom print 
11111 'lie holding down weights on the top, which naturally should Iw the case 
r the purpose of easting. After casting, the temperature of the core 
'"''i-ii^'s, with the result that the barrel expands in accordance with the rise 
Thci he weights holding the barrel down should be 

'"' red OH solidification of the casting, in older that the core barrel may 

pi'nid in the direction of its length. It tin- weights are not removed, we 

'■10..] „-||| buckle ai it expands ; further, as the canting in cotttractiiiL' ami the 

ling outward, at one part two opposing forces meet each other, and 

""4 meetings ire not good for castings. The point, however, is that, on 

'■' , "' l "iL-. the barrel "ill nol straighten il-self, arc! will therefore be troubles 

'"riiilmv COP - 




GENERAL FOUNPRT PBACTICK 

s finiinl iii worthing bars across t! 

n the under «ide of these bam, 

keeping the vent open. Thia pi 

is released on solidification o 

casting. 

The best method of all, and 
hotly safe one for any class of v< 
am, is shown iii fig. 105. The 
nd <>f the euro liarrel is retlnc 
dimeter, and threaded to take 
\ rigid -u]j|«irt for the core is olr 

by using ;i flat washer, which is [ 
by distance pieces from the holt 
t In' bob This also prevents th< 
fnaiL being drawn downwards 
die lontr nut is tightened, 
tightening this nut from behu 
in>\, ill.' eon becomes rigid ; i 
neither full nor rise; but, at the 
time, tin- barrel is free U) expand 
direction of its length. The met 
elastic, and it can be applied to any type of green sand, dry sand, or 
mould cast on end, and it becomes of enhanced value in cores having 
recesses whieh give rise tn an upward lifting pressure distinct from Hot 



if Binding Core. 



A simple 
have si 



(pedient of this kind would, in mam •■ 
castings, a 



i, and, in at least one case, human lives. 



s familiar to the n 



CHAPTER XIV. 



MOULDING FROM GUIDES. 

Moulding, as considered up to the present, in vol vim a oompJete pattern as a 

■ rial : and, whilst it has been shown that these patterns will udmil 

»f tutting or extension in the sand, such alterations have not eliminated (.he 

"■'I'm! [iiilttTii. Practically speaking, sand i tiding cannot be followed with- 

"ut a pattern of some kind, and in makeshift work the moulder makes his own 
[Wtteru Ivy using guides. The latter may take the form of striekles, tentplftttt, 
• tames, giving an outline of the required casting. 

Skeleton or frame patterns are largely used in many classes of heavy work. 
"''■hi.' patterns, instead of being built From the solid, are made up an frames ; 
^'wo niouldiug. the spaces of such a frame are filled in with sand, mid 
•Bfced over to the pattern outline. Parting sand is spread over the sand 
l; "' 1 ', and the pattern then treated as a solid. As a rule, skeleton patterns are 
""■!■'■ '■■minion in dry sand and loam moulding, though, to some extent, thej 
'-"•■ n.n| in green sand work. 

Swept cores serve as good patterns for liners and similar cylindrical 
"•"tings. After sweeping the core to "core size," an additional thickness is 
JjSpt mi, corresponding to the thickness of metal required in theeajtiog. 
"'" 'In .lire is then treated as a pattern, for the time being ; and, if flanges 
w Other projections are required, these are made of wood mid treated II 
"lif^e pieces." On removing the "pattern " from the mould, its Illinium is 
' lri |']n.d, and it is subsequently returned in (lie mould us n core. Stricklod 
...inllv made and finished to eorc sine : such euros, when used Be 
Mterns, are bhicknessed by means of clay thickness strips. The latter are 

I- up iii open eore boxes of the required thickness, and then filled over the 

" h ' Plunges or Ismses mv teiuisanrily plaeeil in |Hinitiun as loose pieces. 

™ter completing the mould and removing the core pattern, re va.l of the 

i ;],-. leaves the necessary space Iwtween core and mould. A little 
"Wight « ill show that these methods admit of very considerable extension ; 

""I that ■ combination of strips of varying thickness, with the tiecessarj I 

I enable nn intricate costing to Is' moulded from its dw re A 

'■'■'"I 11 Date rotating in a trestle may be regarded as n solid object in a lathe, 
:i|| 'l therefore may !"■ tinned to any required form. These two methods 
' u|l "il 'if the moulding of i'urinii iyjs> of ea.,i ing«, and, although the skill 
: " ; ind Fj the moulder is high, pattern coal are correspondingly low. 

In certain cases a mould ma) l.e buill up hj cores which are tel In position 

bed, and covered b\ means of a li p part 01 by covering 

Mple, a lathe bed may be selected, the sides, end, uid ..■ ,1 




Fia. 107.— Lathe Bed Cores hi Position. 

shown in tig. 107, and hacked with sand. Fig. 108 shows one of the em-i/mii; 
ooxea, which also form the interlard the bed, giving cross brackets and internal 
lugs. The requisite number of these eores to carer the moiiltl M» placed 



i position, and tint plates bedded i 
hearing fur tin.' holding down weights. 



their upper surfaces to providi 
Moulds of this type may be gated 
through the covering cores, ur. 
preferably, from the bottmo of 
one of the ends. In the latter 
case, higates are provided in the 
end cores, and connected with 
vertical runner pegs, which are 
rammed up in the nnd backing. 
Obviously, thi* -and backing Baud 
in' of sufficient stability to resist 
outward pressure w lieu the mould 
isL'iist- The most effective manner 
of si 'I'll rins: tlii.i is by I he use of n 
curbing or a east-iron frame larger 
than the mould. As this frame 
surround* the eores, u solid ram- 
ming of hiuuI between it anA 
the cores is readily obtafettfl 
Naturally, no matter bow suli-l 
the sand at the kick of the core is rammed, unless this backing 
unyielding support, it will fail when the liquid pressure in the mould readi*. - * 
its maximum. Hence, in this class of work, in which the comparatively de**!' 
siili's of ;, mould arc formed of cores only, the use of surrounding i'i 
Such it frame is readily set in position, duipemn 




Flo. 108,-Lotlip Boil.aho' 



uvering Cult'. 



most advisable. 

considerable m nit 



f ramming, and renders the mould safe. 







KRflM GUIDES 

Although puilv one example of the use of core* to form a mould eon la? 

given, others «il! readily occur to the reader; and it "ill be seen that this 

method, m in tlif caw in which cores are need us patterns, "ill admit of much 

< 'in:iil:ir casting.! imiy lie made I > v scribing the iliametcr required 

ana tavel bed, nod letting cores, made aa a segment o( the drde, to the line 

tD leribed. A Hut top part «"nM <m|i ijik-lf siieh ;i mould. However, with 

.ir.,.[,i oaatinga the more usual plan ifl to form the mould l>y sweeping or 
strieklillfi. So fiir us mould* it re concerned, sweeping is simply iiti extension 
of the methods id ready I'ivcn fur circular cores, tin- nnlv difference lying in 
the fact that the mould in stationary and the strickle movable. Thus, a level 
bed may be struck from a strickle attached to on upright spindle working in 

i ..ritiiil socket. AsBiiming a horizontal 

rtrajght edge attached to a »ertical spindle, 

then rol.nl i ' tin.' straight eil^e ii 

I... i ■>! rammed sand will sweep a level 
nu Eaee precisely in ■ 

hy means of a strickle working on two 
previously levelled straight eil^is. The 
laiklo required when sweeping a green 
nod mould comprises strickles cut to the 
required shape, spindle and socket. The 
lust Uo lire iil nst rated in fig. 109, and, 
with the top of the socket in a horizontal 
position, the spindle should be truly 
vertical. In fitting up, the socket is first 

»>t iit - e ilisnoiee lielo" the face of the 

required bed, and levelled I « v menus of a 
spirit level. This socket renin ins in position 
until the mould is cast. Strickles are 
betted to a wrought-iron arm having a 
boa which tit- the epindle and is secured 
to it by means of a set screw. The end 
of a strickle corresponds to the circmn- 
"l.ii.i . 1 1 l< I the lower edge to the bottom 
mxfeeeofa mould. In sotting the strickle, 
tl"' distance from its end to the centre of 
tin' spindle should lie carefully adjusted to 
'-'"'■ the diameter of the mould. This is 
Updated when bolting the strickle on to 
l« ana of the spindle, and nl the same 

1 (he Upper edge of the strickle is levelled hy means of a spirit level, in 

" r 'l'.'i- In .set it 1 l.j riisoii tally. Fig. 1 10 shows a mould swept up by means of a 
•Wokfe, the latter being so cut as to ^ive the U>ttom, sides, and joint of the 

""mlil. Whilst it is i pamlively ensy (■> swit|i [hit surfaces, as, for example, 

ftl bott and joint of lig. 1 10, it is not so easy to sweep the straight sides 

" f: i mould. The usual plan is to pack the sand firmly by hand into a rough 

'"Uln f the required form, working the strickle repeatedly round until the 

'"'i'li"i form is obtained. With very deep moulds the sides may be it ned 

jinde temporarily placed in pisiliou, and finished ott' "itli the st tickle. 

Big. I 10 shows the method of obtaining the bottom, sides, and joint only 

:i.r mould. Assuming this mould to lie for a fly-wheel, then, after 

the arm and e trickle, a print with a central hole fitting the spindle 



Fin. 109.- 



i 
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in passed over tie latter and bedded in the bottom, This enaurea a central 
print for tin 1 boafl cine, and, after obtaining it, the spindle is removed. The 
arms irf the whirl are formed by menus i .if dry sand cores, which also give the 
inner walls of the rim aud the outer walla of the Imiss. These cores are readily 
aet in position by means ol distance pieces out to am the rim and win 

thicknesses. The DOM DDR is BOl UJtO llie central print already Innm-d. 
which completes tlie bottom piirt "I tin: mould : and ji flat covering part 
completes the whole mould. 

Atumilur end may lie gained liy sweeping :i flat lied, scrihmg uii it fi-om 




the central spindle tlie circiimfeivnce uf the wheel, iiud, hy menus nf a segment, 
ramming Up the sides ill slaves. I)ry sand cures are again employed to form 
the eeutnd purl of the mould. If tint top parts are employed, these may !«■ 
rammed ii]i by placing them on a hard and level lied ; if the joints are mil Hat, 

the top pail mllSt DC lair I up from a reverse mould swept from llie same 

centre as the bott part So far aa wheels are eoneeriled, the l«ws is often 

deeper than the fare uf the wheel, and note will be taken ol this iu the 
mple. Ad an example of green sand sweeping in conjunction with 
* wheel may he selected. The 
spindle socket is set and 

ff' 



I uf dry sand t 




levelled, the spindle placed 
in [Kisilioii.and therevcr^e 
.striektelevellediindliolted 
on the arm. A depth of 
wind is rammed and swept 

into shape hy the strickle, 
8* shown in tig. 111. The 

-pindle is removed anil tin- 
hole plugged with tow, it 
tup part is placed over thi- 
hed aud staked for guid- 
anccm returning. Itiimier" 
]>egs are placed over I he sand projection which forma the base, and ri I I I 
placed at intervals where the rim of the wheel will finally come. The top 
Dart is (hen rammed up, lifted off, and, after finishing, set on one side until 
the bottom jiiii't is completed. 

The tow filling the bole occupied by the spindle is removed, and ill,- 
spindle i' turned to its socket. The sand lorming the reverse mould is cut 
away, and a ncu bed swept at a depth cuuul to the width of the wh 
Fig. 112 shows this bed, and it will be noted that the depth is obtained 
by aclting the projecting part of the atriekle. level with the prerii 



ho. 111. SVMpimj Ki-cersu MmiU. 



Tin- -tm.kk' gifee a letel bed for letting (be outer mnl inner owes, and ibo 

■.n[ fur the I-'— ci in.-. After swivj.m.j ilic 1 -l-i 1, a circle is scribed 

trass ilic rojndla oorresponding to the circumference of the wheel at the 

i the teeth. Tli. corea Eorming the teeth an made in a core box, 

and ■■■ tanning i gegmenl of the ooinplete circle. Thaw cures an dried 

and blaokwaabed on the tooth Eaoee. They ate act in position to the line 
already scribed, and, if the 
core box in ji correct segment, 
it true circle is obtained. The 

truth of [lie circle is remlilv 

tested from the spindle : if 

correct, tlic Litter is removed, 

;ui.| l lie hole left Ailed in with 

sand to the bottom of the 

print. The outer eon's arc 

backed with sand, 

-I Id I"- compactly n 

in order to p»venl 01 
. : - tit-. The arm 

are set in position by the aid 

of distance pieces, which tire 

■ lit t.i give the width ••!' 

rim mid arm respectively. The Ihjsm core is set in the print struck when 

■Weeping tin- Mtoin, which ci.mplctrs the Imltuiii part. The RDpeanDOe :il 

Hi 1 ,- stage 18 shown in fig. 113, and nil that now l-eniains is to try on the top 
fart in order to test its bearing on the bottom pirt If the sweeping has been 

inir, [lull' slioiild lie perfect contact without crushing, (in liiiiu:.' nil' the tup 




FlG. 112. — Sweeping Bottom P»lt. 




Fin. 113.— Spur Whwl bona in Position. 

l"""l. 1I„. position of the vents in tin unn cores will bo shown, and boles are 
rHteed through in order to lead the vent through the top part. 

I'liis method of sweeping ^ives very true uiiccls ;it n«u]iar:i lively low 
I'lttern cost. As regards ni>>tililin^ rust-, nwcpt "heels univ. in certain eases, 
« produced lit a lower labour cost than when working from frill patterns; 
thil, however, is li question solely determined ly the foundry equipment and 
'';■ kill nf its personnel. 



i;en»ral founhky I'Kactice 

As regards the applicability "I" swccpin;:, practically any object, the ■ 
fotta of which may In- stvmk t'l'pin a ■■■iih;il spindle, can U- made. Although 
few examples arc -ivni. [In' applicability uf the method will In- readily SMH, 

the only disadvantage is the nun coherence of green sand, a feature chiefly 

shown LHi Vertical surfaces. Hence, in the case ul castings havniL! divp sides, 
Sweeping up in loam becomes u inure jh-< .iit ul ■!.» occupation, Kiir Ihit work, 
and hIh-iv ilir sii Irs may lie formed by means of copbb, green sand sweeping i- 
certahily a decided advantage in cutting down patten] costs. 

Tin.- limits n( spue preclude more than a passing reference to m;un 

methods of moulding, which, though iuii ristin- in themselves, i" i extent 

lack interest to tin general foundry worker. 0( these methods we note Brat 
"reverse moulding," sihidi is nraotioaSj confined to foundries engaged in 

ornamental work. When introducing a new design fur a canopy, stove front, 
or similar article, a solid plaster block, which gives the face of what is required 
in the easting, is modelled by the designer. 'I'liis block is set mi a turning 
I.., hi.!, ami maintained in position by guide .strips. A suitable box is selected, 
ami the bottom part laid on the turning board, centred in the block, and 
maintained in position by means of blocks nailed to the turning board This 

hull of the Ihix in raised from tin: face uf tin- board by "thickness strips," 
which are of the name thickness M that required hi the easting, usually about 
\ iueh. The bo* is rammed up, and turned uver id |<i a level lied. The 
plaster block is drawn, and the mould is carefully jointed. The joint is eanad 
down to the faee of the ornament, and all square corners are tapered a little 
to allow clearance. Parting sand is thrown uver ihe surface, tlie excess blown 
on', and a dust t.f resin shaken on. The top part of the box is placed in 
position, and rammed up with the necessary lifters. The top part is lifted off, 
liuMieil as usual, and set on one side. The plaster block is lejam placed uu 
the turning hoard In exactly the same position as before. The bottom part of 

tlie box, Inmi which the top pari has been rammed, is knocked mil and 
returned to its former position uu the turning Imanl. This time the bottom 
part is placed flush uu the hoard, and is wit raised by thickness strips as before. 
The pari is rammed up, turned over again, and tin- block drawn. A joint is 
made and raised from the face of the mould to the extent of the thickness 
strips previously used. The rest of the joint is made to corresjionil to tlie top 
part. All loose sand is removed, and a dust uf resin given to one part and a 
dust of blacking to the other, which, when the two parts are fitted together, will 
readily show how the joints correspond. After fitting on, any thick parbl nl 
the joiut are sleeked down, and thin parts are made good. Gates are cut in 
the bottom part, and runners to suit cut through the lop part, and the mould 
made ready for easting. It will lie seen that the thickness of the cast in- i- 
that of the strips which wax- placed between the bottom part and turning 
board on lirst ramming up, and also that the contour of the back of the 

easting will exactly follow that of the face ; in othor words, u attar bow 

intricate the ornament, the thickness throughout will be equal. The lirst 
Bastings are intended for permanent patterns, and are finished up necordingly. 

In tlie ease of a very intricate casting, it is modelled in sections, moulds of 
each section being made by reversing, and east in lead. These lead section* 
are then worked up into form, and soldered together for the complete pattern; 
In other branches of ornamental work, eastings may lie made ftiim 
"destructible" patterns, methods in this case relying for their sue,-.-. ,, u 
d attmjhx g and removing the pattern by means uf heat. For example, if a 

dead insect, say a lur-e beetle, In: taken, and surrounded by a pasty material 
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which, whilst i'ii|i i-iiij nil" ;tl! tin: tit it: interstices nf 1 1 « e ■ insect, will withstand 

a high temperature, then on Inking Biich a i iM the insect "ill bo charred 

.in] .1 «|>;irc left i . . | responding til t ]■■ ■ Will of tilt- beetle. Piaster of I'alls 

may Im used as the plastic material; Ll nh- difficulty in this type of 

I mil tiding lies in removing tin- litiirrcd ashes Fij >■ i i tin- unmld. as thu hill' r ill 

ttbta Should any reader desira to experiment in tliis direction, be 
may, hy placing small round sticks (U'ad pencils) on the object when forming 
the mould, provide channels through which the ashes, may to so ttenl be 

LI-" it after tl tould lias been baked. One ol these channels will then 

■ runner. Generally the material selected as a pattern medium is one 

" lii' h mi be melted out of the mould, an, for example, wax. This lias given 
rise bo the "lost wait" process common in statuary Founding. In a sense, 

this is beyond tin' scope ..i . inliu:n \ foundry practice, but a few worth) may 
I"- given to tin- li-iuliu^ principles. Mr.-tlinciii vary with different designers, 

bat, H ft rule, thu core is built Up by hand to tl itline fci[iiiri_tl. Thin 

oon is built up in much Hit- same fashion an a loam core, thai is. vented aa 

n-iiiil. irnl strengthened by suitable irona ; but the uoi laterial is a mixture 

ol piaster of Paris, loam, and ran hair, mid pir.-t.-r-s of wire-netting may V 
i liters; srsed fur Ktrvtijfthcniu^. On actpiiring a rough utilline, tin- eon- is 
-Mfti-iM-d by drying, and a coat nf wax evenly distributed over its surface. 
Tins wax is modelled into final ham by Lbf designer nf the figure, ami, when 
completed, the outer mould is made. The was model is covered by a itonl 
r<>ii. am I tin' whole filled in by spreading the plaster over the surface. 
I" maintain the plaster in jmsitinn. eross-bars are placed in the frame, which 
also increase its stability, The requisite runners, risers, and openings fur 
draining the wax from the mould are marie as the work progresses. After the 

piaster has "set," tin- i Id is tired by building fires around it and keeping 

(hen going until all the wax has Ven melted out and the mould itself has Veil 
thoroughly linked. This baking gives the necessary porosity for venting. 
Tin- draining hull's iii-i' tlir-ii tilli'd in, tho uld surrounded by an iron 

i-inliniL', ami firmly r.-ll tl hy a backing nf sand, lii-ads made on runners aial 

,i easting titli'i.'ti'il I'l' '1 1 1 a In. lb- or by means of a basin built on the Lop 

of the mould. In the latter case, the runners are closed by plugs, and the 
tweeted by means of a channel to an air furnace and tilled with 
molten bronze Vfore lifting the plii-js. This, of course, implies that the top 
nf the mould is below the fiinuiec level. Should a waster result, the whole of 
the work on the wax model is lost. As an alternative, the figure limy lie 
modelled in clay, and a master mould made from this clay pattern. This is 
affected by using tho claj ligure as ti pattern, and building around a plaster 

ii lit constructed in a series of drawbacks. After setting, these drawbacks 

■■■■ d and assembled, wheel wax may be then pressed into tbe mould 
■.a\ pattern obtained, which may be laid directly on the eon: in 

.inlai.l, sections. Tin- joints at the st'clioiis are tnnelieil up by the designer, 

■ 1 1- i I In ii hole prepared fur the outer mould, as before. 

This is possibly one nf the most aneienl methods of moulding, since ii was 
.viiletitly known in early liistorie, if not in prehistorie, times. Another 
historic method of moulding is that of hell-founding, whieh, though pi'a.i'lisnrl 
iii'lm, is of little interest to tbe nn-iiyc foiimler, as Ih.-IIs are now generally 
moulded in loam by methods similar to those indicated in a later chapter. 



CHAPTER XV. 



BENCH, ODDSIDE, AND PLATE MOULDING. 

Moulds for small castings are most conveniently made on benches or in tubs, 
otherwise termed troughs. A good type of bench is shown in fig. 114, the shelf 
at the back being used for holding tools, patterns, and parting sand box. 
Benches of this type are chiefly used in light steel and iron foundries, 

whilst the tub is common in 
brass-foundry practice. A 
suitable tub to accommodate 
two moulders is shown in fig. 
115. The bottom of this tub 
will hold sufficient sand for 
one heat. Movable skids rest 
on the ledges shown, and on 
these the box is worked. The 
arrangement of benches or 
tubs will naturally vary with 




Fig. 114. — Moulding Bench. 



the class of work and the character of the foundry. If placed along a wall, 
they should, if possible, be under a window ; and if in the centre of a floor, 
are best back to back. Ample floor space on which to place the boxes for 
casting must be allowed. This problem is less acute in a brass-foundry where 
several heats are taken oft* during the day than in an iron-foundry casting 
only once a day. In the 
latter case, a large floor 
space is required, and the 
boxes made towards the end 
of the day have to be carried 
some distance in order to 
place them ready for casting. 
To economise the floor space, 
it is often an advantage to 
have a tier arrangement, so 
that each moulder can put 
his boxes one upon the other, 
leaving the runners accessible to shank or ladle. Another arrangement, which 
only pays in the case of highly specialised work, is to have a narrow gauge 
track running from the fixed benches to a casting floor. The track is well 
supplied with trucks holding three or four boxes each. These trucks are run 
out to the casting floor, and the boxes poured ; then the trucks pass on to 

122 




Fus. 115.— Moulding Tub. 



■ ' nl mixing shop, tin' Imsus are emptied and returned to the ildars witli 

niki 1 ready for use again. In other i™*'«, a light movable bench may be used, 
*!i'«_-ti is made to travel with the work. Such n bench is worked the l< ogtb 
of «* nod heap in the day, working back in the opposite direction on the 

» M in;; day. 

I'ii niii lu to the th'"U nl " iiioiililin.Lj :k1h|iU'(1 in this class i if work, than 

in principle exactly tin.' same aw llnwr already i In sciil «■■ I In green ssmd 
i|1,, « « lding. rather moulding boxes or snap-flasks may Ije used, and the former 

-In" I M |„. accurately tilted anil interchangeable. In using una]. Hanks fur 
divj» work, trouble him arisen iti matiy foundries through tin.' moulds bursting. 
0" a iu::.v be entirety avoided by tin; iw of sheet- or cast-iron binders and Bat 
"'ij-rlit.s. Weft-fitting boxes or flasks lend themselves to large outputs, pro- 
vid*xj tbi> patterns are also equally hi ti table. To thia end, put i cms, if of Pfood, 
• lit 1il- made from a hard vanity, am! suitably divided along the centre. 
wave tool work on the mould, all fillets, etc., should lie on the pattern, 
™*i iM the pattema not be filleted, temporary fillets of clay, beeswax, or red 
l, ' : "» may be put on, which will serve until the order is completed, ami will 
MV " : much euUing and sleeking of the moulds. All patterns, whether of wood 
" r tiietid, should, whilst in use by tlio moulder, lie kept in good order, an and 
■ ll,i »-iiicd by brushing them Dver, after each days work, with a stiff brush mid 
l,lv «;i\. or washing with naphtha. In the case of tim-ly toothed wheels, a 
*"*sh over with naphtha before each mould is made will materially assist in 
"twining a clean draw. 

Plat or divided patterns are worked on a turuin^-o>er board, which is laid 
'"' the benoh or across the skids uf the tub. When the quantity required 
'■'" 'I i .ii of patterns will warrant it, a pattern of the runner and pate 
.""ild be made. Thus, in setting the patterns on the board the runner is 
'" ' placed in position, and the various patterns placed in contact with each 
- :i t''- After nunming up and turning over, the joint should only require 
K ''"king, A runner peg is placed on the pattern gate, and, after ramming up 
""' lifting off the top part, the patterns are drawn. Assuming these patterns 
'" '"- in good condition, the mould should require no further work, as it is 
gated, hi this class of work, when a bad draw is obtained, it is always 
'''"'■ket' to knock out the box and ram up again than to attempt mending or 
'*"*'--'l»iiig. A plan often adopted with light brass eastings, such as plumbers' 
rt ' " k, oook and valve mountings, etc., is to attach as many metal patterns as 
ll " 'six will hold lo a cast gate, the whole forming one pattern, and involving 
"''l.V one draw. Twenty or thirty separate pieces may be thus moulded as one 
Pattern, and, if the latter is well finished, a large output will result, 

■lora intricate forms of moulding are practically those already described, 
1 ""i^'b practised on a smaller scale. Thus, intricate patterns arc sub-divided 

™* Older t" admit of drawing will I tearing the mould, loose pieces are 

"'' ' ■■'■lii 'I by dovetails or pins, and, in the east; of solid patterns, small draw 

"^ks or false cores are employed. A two-jointed easting may, in many oases, 

Uiiulc jn a two-part box by means of a "double turnover." 

Tlii' more specialised forms of moulding followed in the production of 

■■■■ ii eastings inn v I"- summed up in the two terms, oddside and plate 

"""il'liii-. An oddside is, of course, necessary for any irregularly shaped 

l 1:i "'iu Ided by turning over, but in repeat work an effort is made to 

-'■ ■■■ 'I., oddside a permanent character. Thus, the flat turning-over board 
linn In replaced by a built-up one constructed to follow the joint lines of 
iV patterns. However, such boards are somewhat costly and difficult to make. 



nana] plan is for the moulder to make his own oddside, 
according to tin 1 iimnljor nf castings required, may I"' "f sand or phi ber. 

green saod oddaide is formed by r ming up a top part, ankxag in the 

patterns to the required depth, mid nutting tlic joint to suit, Such an ■ -Idsido 
will fiivf fairly l_l> «< « L joints fur se\cral aeta of boxes; and it is uaed in 
precisely tliL' «!iiiK! manner us tin- tiiNiiiifi-iivi'i- Umnl which ii replaces, 
An oddside rammed up in dry sand, can-fully jointed, Uarkwashcd, and dried, 
"ill give :i loM'.'i'i' sv* >rk ■■ ii» lil'i' I hail a lTitii sand ulli', The best type of sand 
■ Hillside is tllilt known as the nil side, ami the authors have I'm mil this In !■■■ ,,f 

11 burl; permanent character. To make this, one part of litharge i> added tn 
twenty parts of fairly dry new sand, and the two nee thoroughly mixed ami 
pissed through i One sieve. The mixture is brought to the ootuuttenoji of 

moulding sand i<\ means nf Iniseed nil, and in this condition is camtiied Up to 

fiinn the ndilsidi . Alter jointing, the side is allowed tn harden in air for a 
period varying From twelve to twenty noon. These mldsides keep in u-ood 
condition for a long time, and give true joints in the moulds. Should the 

edges become damaged, they may lie luade good by means of beeswax 

Ah jHinianenl uddsiilcs, those nf plaster are the most extensively used. In 
making these ixddsidcs the pattern is hist bedded face dnw uwards in the exact 

pDattkn required, and the joint carefully made. As the oddaide »ill be an 
exeat mreme of this joint, every care must be taken to tee thai II iaaoounataly 

made, that is, the jnint must neither he full nor yet undercutting. To prevent 
the plaster adhering, the pattern is greased or oiled, A second box jmrt is 
plaeed mi the mi lainin^' the jointed pattern, and, if necessary, strength- 
ened by cross-bars. The joint between the two Imxcs is seamed up with 
slui'iv, ■ mixture nf black sand and water, which is robbed well into the 
joint to prevent leakage. The requisite amount of plaster ol Paris is mixed 
with water In a < nam like eon sister ley, and then pntired over the pattern until 
the box in tilled. This is allowed to harden, then turned OTBT, the Band part 
lifted off, any adhering sand removed, and the jiattern drawn The Face of the 
plaster side may he varnished over, and, when dry, the side i- ready for use. 

The necessity of making a true joint in the first instance is at ouce shown 
by the (act that any inequality on the oddside Is necessarily reflected on the 
mould, thus involving too) work tfl make the mould jnint good. The most 
essential pni|M'l'tv ul ai iv .Hillside is thai nf Liiviu- a sharp clear jnint without 

the use nf tools, and, unless the original joint lines nf the pattern are followed, 
this amentia] is not realised. At the same time, if. during use, the jninl is|i_'es 

of tile oddside 1 UW chipped or lu'iiken. the goix] ipiatities are destroyed |.i 

the extent, nf the breakage. In this respect it may lie llOted that isolated 
portions may he strengthened by inserting sprigs previous to pouring in the 
phuter in unii'li the same way that isolated pickets are strengthened in a 
sand mould, 

Naturally, the moat that can 1"' effected with a permanent oddside is the 

eliininalinli nf joint-making, as patterns have to la; drawn and the old 

Btuahed U usual. Nnne the less, tin.' method is capable of yielding good result.-., 
and is hugely followed in casl-inm, malleahli. cast-iron, -l.-el. and D»SS 
foundries. The next advance on oddside moulding is that of plate moulding. 
A plate may be nf metal or wood, having uiomited on it the patterns and 
gates necessary in form a complete mould. If for hand moulding, snu-s 
project 1 (■■in the plate, and holes are drilled in them corresponding !■. the 
pins of the moulding boxes. In this way the box pins act as a guide in 
drawing the plate and its attached patterns. The method is capable ■ .!" 
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' PLATE Mfin.PIM; 



f tic carried out by strong lioys or Lrniiiefl 



quick and aMltntfl result.-. B 

In mounting plate patterns various methods are adopted, the exact pro- 
cedure being determined by the number of casting* required. Wooden plates 

have been in.'iit iniH'il. and, though these are nut usual in British practice, the 
authors have found them of high service in quickly executing small repent 

ordure. Tliv pistes urn i>f seasoned »n«l, ill t J-iiich thick, but, provided the 

thickness throughout is uniform mid sufficient fur stability, the actual thick- 
ness is immaterial. Both faces of the plate are pinned, snugs eorresp Hiding 
to the boxes arc provided and drilled with holes to tit the Dor pins. To 
minimise wear, these boles are lined with metal, for which purpose brass or 
iron tubing will be found convenient. If the pattern* arc fiat, they are 

attached to OOe Face Of the plate by means of Wood screws from the other 
r'i'.'-i' Tin- heads of these screws arc driven flush with the face, and smoothed 
met Witt red lead in order that no marks shall be left on the casting. 
Wooden patterns forming runner and gates are attached to the plate and 
connected with the patterns. On the plain face of the plate which corresponds 
to the top part of the mould, ft small Injss is Hied in the position where the 
runner peg should come, which serves as a guide for placing the peg when 
manning the top part. 

In moulding, the plate is placed tie t ween two box parts, with the pattern 
side of tin- plate and the bottom pari of box uppermost. The liottnm purl 
rs rammed, and the "hole turned over . a runner lube is placed over the lm«s 

indicating its position, aud the top part rammed up and lifted off. The plate 
is t;ij)[».-d round its edges and drawn, the pins of the tiox serving as a guide. 
It will be seen that, whilst ramming up, the two parts of the box tire separated 
to the extent of the plate thickness, but, after removing the plate and closing 
1 1.- boi for easting, the parts come together. Hence, whilst the actual tliick- 
ti.'s-. of the plate is immaterial, it is essential that the thickness throughout be 

Pattens Dot having a flat upper surface, hut permitting of division along 
Ibeir centres, are mounted in halves, one on either side of the plate. Here 
again, for small orders, wooden plates are effective. In mounting such 
patterns the halves must exactly correspond with each other, BO thai wfaeo 
the half moulds Kindly conic together no overlapping occurs. This is must 
readily effected by means of dowel pins in the pattern, which, if lengthened bo 
allou fur the thickness of the plate, offer an accurate and simple method of 
adjusting the halves to each other with the plate intervening. A pair of 
divided patterns, as in Kg. 1 Itl, are quickly mounted on a plate by a pattern- 
maker, and on completion of the order they may lie removed and replaced hi 
others. This method of firing wooden patterns on plates is only adopted 
i-.h'-u the order is not likely to be repeated at some future time. The authors 
hnve found this plan ecuiif,iiiie:il in cases where only thirty sets of Castings 
■rare required. As in any ease the patterns should be divided, then' is very 
little further trouble in mounting them on a plate. If 11 stock of suitable 

plates j> kept ill Ihe pattern shop. iparalivelv little pattern expense is in- 

mhi-d in mounting, and the gain to the foundry consists in reducing intricate 
moulding to straight for wan I simple work, which may be readily executed by 
plate moulders. 

I be Chief difficulty with wooden plate- arises from their tendency to warp. 
which may be partly overcome by forming the plate of two hoards with the 
grain of one crossing that of the other. Another method consists in roughing 
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the boards down to within an eighth of .111 inch of tin.' finished sine. And then 
soaking them for a period of 10 or 12 hours in molten crude paraffin. A 

convenient apparatus fur this purport! consists of two tanks, one within the 
other, provided with steiiui pipes in the apace between the two. However, 
where treatment is involved, the process becomes relatively costly, and, 
in this country at any rate, wood cannot compete with east-iron under (beat 
conditions. Wooden plates are only recommended under the conditions in- 
dicated, thai is, when the pattern-maker can readily mount 11 scries of patterns 
and thereby assist the foundry in 1 1 its rapid prodiKfion nf ^'--1 Murk when 
required in comparatively small quantities only. When the number oi cast 
ings required is larger, or when the patterns are of a standard character, then 
both plates and patterns should lie of metal. 

Metal pattern plates may lie fitted up in 11 somewhat similar fashion to 
those of wood, or they may lie cast with patterns attached in one piece. As 11 
first example, the casts of a flat plate cast with pattern on may 1"' selected 
Assuming tic pattern to !«■ n standard 12 inch hand-wheel, tin- first essential 
in note is thai the pattern should be provided frith a double contraction 
allowance; and the second that the pattern should he divided across its centre. 
A 12-inch wheel would be worked in a 14-inch box ; the pattern plate afl] 
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therefore require to Us 14.', inches square, due ball nf the pattern is laid on 11 
lint turning lioard, and a liottoui pa it. iiIhiiiI 1* inches square, placed in position 

with the pattern exactly in the centre. This pari is raj ed, turned over, 

and jointed. The joint should la' level with the tap of the pattern and the 
as this joint will form the lower surface of the plate. The uppei 
half of the pattern is placed in position, mid the top part rammed up anil 
lifted oft'. A frame is laid over the joint of the liottoiu part and centred bj 
the pattern. The thickness of the frame should be that desired in the plate, 
and its outer form sin mid correspond in size and contour t<> this bo\c- in which 
the plate will be worked. The refute, -.hiil's fur the Imi\ pins and for lifting are 
provided. Itaviui: iTtitlvd the frame, the joint surrounding it is packed with 
sand and st rick led off level with the top. Loose sand is removed, and the 

frame drawn. Patterns are drawn from the top and bottom pans I the 

mould finished. 

A wheel of this character would be run by a plump gate on the buss, but. 
for illustration, it will be gated from the rim. A -ate is cut, as shown in 1 I", 
neatly tapered, and finished to serve as a pattern gate. The plate itself is 
gated, 11s shown in fig. 117, and a runner to correspond is cut through the tM 
part. Before 1'IokUilI, iron packing of the same thickness a- the frame used 
for making the joint is placed at the four comers of the box in order to pre- 
vent the raised joint crushing when the bo.v is cramped or weighted. 
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Fig. 117 shows mi alternative method in which the mould joint is kept 
level with the bos edges by sinking the half pattern below the level nf the 
b«to mi amount equal t" the desired thickness of the plate. In the former 
method, which in the opinion of the authors is decidedly the better, the joint 
is raised above the box edges to a similar extent, 

l'riu- tie-ally, then, the feature involved in making a pattern plate lies in 
"'punting the half moulds by ii distance equivalent to the thickness desired in 
''"' plate, ft need nut be added that this involves careful moulding, for, 




"™*i*!8the resulting plate is perfectly true as regards thickness and coincidence 
™ r*-"" Items OU each side, it will be useless. 

A. solid pattern may lie used instead of the divided one described, but such 
" '-*"*nrsc increases the difficulty o( uiFiking a true joint. With a divided 
l^'^ini, the face of the plate is formed itv the turning-over lioard ; with a solid 
|«tt,. r|| £jjjd f ]l( . e mUH t 1 jt- made by baud, using the 1k>\ edges as a guide. 
'""ft .'fun i, if a Wlid pattern is UBed, it must be sunk in the top part, employed 
'" ,l * i uddsido, exactly down to its centre line. Further, the pattern should lie 
-"'"'-.■1lv level. This maybe reached by setting the tup part with a spirit 
'" 1 "l. and levelling the pattern by the same, means. After setting the patten, 
v bottom part is rammed and turned over. The joint is 
*' ru "Kled level with the Isix edges, and this will obviously 
'''"''"■si-nid with the centre of the pal-tern. 

-As a second example, a plate having an irregular joint may 

: such plates are practically always moulded and 

*■ with patterns attached. The rake head, tig. , IIS. repre- 

J?J** a type of steel casting which may be profitably put on a 

I'"**-, and it will be noted thai the contour of the prongs ., ]]8 _ R ^t 

'''^'"■ii'ls a sloping joint, which must lie repeated on the plate. " Head. 

■i'tii is bedded mi the top part, using it as an oddside ; 
*■ bottom pari rammed up, and the whole turned over. The joint is [node 
l ''*'iit the plate and not the box in which it is moulded ; hence, it is given 
™ rv,|,,isili' sln[K' down lo the prongs, but ample allowance is made for a 
to* Unrounding portion on which the plate thickness is subsequently placed. 

■ Vi1 't i.- ring tic' top part, a Frame is placed on the Hat part of the joint, 

» ll( l the thickness made up, as in the first case. The completed plate is shown 
m fit:. Ilfl, the only projecting portion on the upper side being that of the 
"I' print, whilst the centre of this side is dished to follow the slope of the 
pnogs. The method of making is identical with that of the tirst plate : but the 
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joint, instead of being mi one plane, has to follow tin- contour of the patten). 
Tims the centre Ol I plate may be dished nut to iinv required extent, lint the 

Bdgee nauri I* horizontal in ordei thai the plate may lie evenly betmop the 
tw-i pirtsnf 11 iunnldi)ig-t»i.\, separating them to nn equal extent In nil directions. 
I. 'list "lutes cannot, as a rule, lie finished \<\ machining ; tin: v have, there- 
fore, t" lie tileil iuul scra]>cd bj hand. Any slight defects are tilled in with 
solder, and finished off level with the surface. Mules lire drilled in the snugs 
to a jig or template corres] winding with the pins in the boxes used, mid the 
plate, before use. is varnished over. Although tersely described, it will he .seen 
that haud-liuishiug involves considerable lal«air ; hence, ulion possible, it is 
advisable t" i-iisl (lie patterns in liidve.s, temporarily fix them together, and 
finish in a lathe, subsequently mounting the halves one on either side of a 
planed won plate. For instance, the hand wheel, tig, 117, if in halves may 
lie remlilv matched on either side of the plate. In this wise, there being 
only one pattern, mounting is resolved into a question of centre lints on nit her 
side of the plate ; but if twenty or thirty patterns have to he mounted on one 
plate, their adjustment in perfect truth is not so 
easy. A usual method is to arrange the hall 
patterns on s plate in the order required, marking 
their outlines, and scribing the dowel holes of the 
patterns. The latter are drilled through, and. as 
the patterns have been tilted, pins passed through 
the holes in patterns and (date ensure the halves 

niatrhiiiL'. All extension of this principle lies in 

the use of a master plate or jig. This is a plate 
marked in squares, each square being drilled by 

several hole-. Midi' patterns are arranged on the 

muster plate, and the required holes noted, and 

these are used us guides in drilling Ght pattern 

Fw.119.-Pl.hi for BakoHerf. g"*** P» tte >™ »''' Cached by pacing pins 

through I lie plate in id lehlug the hall patterns 

as before. Runners and gates connecting each pattern are pinned on, and 

the plate is ready for trial. 

So far, plates hale been considered as containing the whole of the pattern, 
that it), both halves fastened together with the plate intervening. If m 
imagine such a plate split [nto two portions by division through its centre, 
then, obviously, one half may be used for ramming bottom parts and the 
other i,,i' top parts. In other words, the patterns for one half of a mould may- 
be attached to one plate, whilst those for the second half are attached la 
another plate, thus permitting two operators to work on one mould. One 

man "ill thus ram up bott parts and another top parts only. This pkn 

has eeviuiu good features, and, whilst not usual for hand moulding, may be 
necessary for machine moulding. 

In other cases a set of half patterns mounted on one aide of a plnte only 
may be made to serve for tbe production of a complete mould. Thus, if a 
series of divided valve bodies are mounted on either side of a ecntnil runner, 
it is evident that opposite half patterns can be arranged to match each other 
so as to give ;i complete cast ins:. This may be illustrated by means of the 
diagram, fig. I I'll, which is ar-sumed to represent a plate with lines Scribed H 
shown. If A It is maintained in a constant |M>sitio|i, and the plate tumnl 
completely over, then (.: will ",;,-npy [n-eciselv the same position as |) ; whilsl 
D will take up the position of C, Therefore, if along the lines I I I 
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"invspocdLnir half patterns are mounted equidistant from the centre lint* A B, 

i complete mould qui be produce i bj ramming op two half moulds ; tar, an 

ip the bottom pnrU, and lifting thorn otf the plate, they baTG 

■ to be tamed over, bat, while following the wm oonne, the top 

parts are not turned ore* ; hence, die patterns being squidjatant bom a centre 

d relative to each other, 

mm [J rotation of out* half 
mould, to complete a full mould, is 
villained. Tina aspec* of plates, as 
»tth the last one, is more familiar 
in machine than in hand moulding. 
Oil tanks for boiling stores we 
good (.-samples of specialised plate- 
au inkling. These castings are prac- 
' i ■ - = 11 1 square boxes enclosed on all 
rides, except the print shown in ti^r. 
1SI. Two patterns are provided 
te, which is fitted with 
*migs oanespooding to the *ji 




Flo. 120.— DUgiam to Ilhuantu Turning. 



mi' ,i iii..iiililiiiir-lii>\. TIh'-.' L-iotin^s 
aefy thin, and, after placing the core in it- print, the proper top 
thickness is assured by pressing ih>wn tit.* thickness plitto shown in 6 
until it I tears .m tin- l-'X --d.Lii's. A round disc of tinned iron is placed on the 
top of each Core, on to which a nail is passed through the top jmrt anil 




"righted down to serve as a ohaplet. In one foundry familiar to the authors 
li'il.iili output per man by this method is 25 boxes, that is, SO castings; 
'"aidi man makes his own tori's, oasts, anil knocks out his own work. 

The Possibilities of Plate Moulding. — Plate moulding is practised in tho 
'"■ijuritv of foundries, hut in only u few of the more specialised shops is it 
■orked to full advantage. The authors are strongly of the opinion that 
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Wehhii moulding only pays when the possibilities of plate moulding have 

lusted. As a matter of fact, they have, on certain classes of castings, 

Nil- nn.rv economical results from plate than from machine work. 

It han ln.'en shown that, in the ease of comparatively small orders, plate mould- 

ii a' lily adopted ; ami, in noik nf u standard character, permanent plates 

■■mi In- <-< instructed which pnioticalh' onlv involve ramming to produce a mould. 

9 
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CHAPTER XVI. 
MACHINE MOULDING. 

is term "machine moulding" should be interpreted with tolerance, lor 
rnparatively few moulding machines ure, in the full aeimi of the word, 
mechanical. As illustrations, h hand press, which simply squeezes sand in a 
(ms, is ofti'ii termed a umehitie ; similarly mi apparatus which, by means uf 
a lever, drawl a pattern plate from a box rammed by hand is also tented i 
machine. 

Many ingenious mechanical ideas have been devi'lujmi in order to facilitate 
iMie in- mure ■•!' the stages followed in moulding, and the sum total of these 
constitute maehine moulding. A combination of these ideas has resulted in 

the dcyclii] nt o( an automatic ramming maehine, wliirh also draws the 

patterns, ami. in at least on-' rase, closes the mould ready Tor Casting, Whilst 
on one of these maehines a complete mould can lie produced in somethiiu: 
under a minute, the end is by no means yei in sight, and, notwithstanding 
the Dumber of years that moulding machines of one type or another have 
been in use, maehine practice is still in an experimental stage. One or two 
establishments have travelled beyond this stage, but these represent ezoep 

li"ii;d Cases. This has resulted in vuriwus aeeiisatii.iis against fnundivnnii I'm 

their conservatism and tardiness in not taking fuller advantage of meeh ad 

methodH. Whilst these accusations con tain a certain amount of troth, it must 
also fa- remembered that the utility of mechanical aids in mouldin 
on any account, lie judged from the usual mechanical standpoint. I'nm.ir \\\ ■. 
foundries are established to produce good castings at a profit : therefore, tin 
utility of any mechanical aid lies in the extent to which these conditions arc 
realised. It is well within the range of possibility that mechanical aids, 
whilst actually increasing the coat of production, may, by an improvemeol 
in the Quality of the product, render their adoption desirable and advisable. 
In other eases, these aids may, whilst lessening labour cost, actually increase 
total cost of production, and the quality may. or may not, be adversely affected. 
The whole i|iiestion is therefore one requiring unbiassed judgment founded 
on actual foundry eipeneiiee. The authors have endeavoured to reach this 
plane ; and in the following notes, whilst certain machines arc necessarily 
referred to br name, such reference is drawn from actual experience and not 
from the maker's catalogue. 

From a foundry point "f view, no one type of machine is, or can lie, 
universal ; each machine must Is' regarded an a tool specially adapted Ui 
produce a particular class of work in which alone its full possibilities will he 
realised. The variety of designs actually in use. each one giving sati,iaeii,,ii 
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in a nartk-iilar field, illustrate thin. Each moulding machine, no matter In* 
perfect its mechanism, requires a certain amount of skill from the operator. 
The statement so often made that any unskilled laWurer can suovvssi'ullv 
handle a machine is by no means true. Some skill ou the operator's part is 
and a very considerable demand in this directiou is made on the 
management, if full results are to he obtained. Machines are sometimes 
advocated in that they »ve floor room, and contribute to neatness and cleanli- 
ness in the foundry. Now. if a machine is to l« a profit -earner, considerably 
more floor space [or Betting down boxes will be required tliau for hand 
moulding; not only so. but a greater demand will lie made on tin' ranting 
I '■< .■iliin-». A foundry in active operation cannot W iie.it and clean, but it 
Herly ; nud we have not found any special value in mwhioni 
arising from their cleanliness. 

■ machine has been installed, it should lie given ■ full and fair trial. 
Tim might seem an unnecessary statement, were it not for the bet that Wt 
liave known many cases in which machines have been bought, fixed, aud 

■ 1 after a very half-hearted trial. As a rule, we have (band thai 
wfaibt the initial cost of a machine is not considered, r I a ■ ■ after-Coal ,,■. 
accessories is cut down to the narrowest possible margin. This is short- 
sighted, for. if mechanical aids are adopted, there must lie no halt-measures, 
or failure will inevitably follow. It cannot be too strongly urged that the 
cost of a machine represents only the beginning of expenditure. Quite apart 

--ories which facilitate moulding, good cororuaking facilities are 
required. For example, a power machine operated by two men will turn out, 
say, 300 complete moulds per (lay. If each mould contains 10 eastings, each 

of which requires a core, then 2000 cores are required per day. Should then 
intricate, then the capacity of that machine is entirely determined by 

the -output of cores. This* example is on the safe side. As another, Wfl mnv 
(jiniti a rase recently brought under our notice, in which a power machine 
tr$M employed on a plate Htted with 20 1-inch valve bodies. This partioahr 
machine, when worked at full rapacity, will turn out -100 mould", par day. 
Hence. 6 0( 10 cores of a fairly intricate character are required per day, if the full 
c ip.i'iu of the machine is to be obtained. Yet, in this particular oaae, the 
mostly pattern plates were provided with only one core box, and the output o) 
this one box determined the output of the machine. This is a telline. r^nn|Ur 

at the vice of thrift, for the greatest possible output under tin Idiom ua- 

10*) dried and black washed cores per day. and 100 castings would be readily 
moulded by hand without any expensive accessories, 

Turning from the general to the particular, the first points ileiii.ui'liii.- 

ii'iln v mechanical aids to core-making. The most simple form is found 

in ■ plunger forcing a previously rammed core from a die. The core moulds 
mad or square internally : each one is fitted with a ram, which may 
t ;.. any depth in the eon: mould, and thus determine the length ol the 
i.iir. bamming and vctitiuy are done by hand ; on completion of which, the 
ram being forced upwards ejects the cores. Fig. 123 illustrates a machine 
loull mi this principle by .1. W. and C. J. Phillips. In operating it, a 
ne.ul.l ol the required size is placed ou the table of the machine, and a ram 
,,t the *ome size fixed to the end of the plunger. The sand is rammed and 
the 0QTS rented and then ejected by pulling the hand lever forward and 
depressing the treadle. The rack is brought down again for a new core by 
turning the pivoted handle of the hand lever inwards, thus allowing it to piss 
i.i'Vuii'l the stop, and releasing the pawl from the ratchet wheel, At the same 
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time, a brake device for checking the return of the rack also comes i 
Operation, The rack is lialauced by means of a chain and balance weights. 

These machines, iu>crutcd Ity buya or girls in tin; case of cores of small 
diameter, yield a large output of good wires. Wherever large quantities of 
«tr;iii.'lii i'(.m.'s are desired, such a machine will prove a good investment 

Tt will be noted that the foregoing machine is limited to straight cores, 
a remiirk also applicable to the various types of machines which admit of 
grouping under the jrencral heading of sausage machines. Fig. 124 illustrates 




one of those machines, the pril 
a die of the recpiired size by mc 
a central vent hole is provided, and the cores produced in continuous lengths, 
which are afterwards cut into desired sections. In the plunger type of 
machine, a core iron can bo rammed up with the core, hence ordinary rore 
sand is available ; with the sanwiirc-umehine type, core ironware not applicable, 
hence special mixtures of sand are required. These mixtures take the fam 
of ordinary sands mixed up with linseed oil. 

In considering swept cores, the most apparent mechanical aid lies in the 
introduction of power for rotating the core barrel. This is largely adopted 
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when tang cylindrical cores are required, as, for example, in pipe foundries, 
i machine tee miming up circular cores in sand is shown in fig. 126, Tiie 
cores are struck up on an ordinary barrel by means of a reciprocating steel 
bar. which presses the suud on the revolving barrel The reoiproot 

i- ■ strickle, and is therefore cut out to suit the type Of cure desired. 




fO. 12-1. — Wadsworth Core Making Mi 



Tin oores may be green or dried, according to requirements. No special 
iniMuri- iif -iini! :u-e necessary, so that, ill certain classes of work, this machine 
will prove of high value 

Each of the three machines illustrated has a good field in its own partic- 
ular direction ; the only criticism is that none of them admit of irregularly- 
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ores. Here the real difficulty of mechanical core-making in most 
BrSdent, and the more intricate the core tin; I"-* tin- clwiiiv ni -uiros. 11m 1 
or two British and German iuventors have tackled the mutter, and in genera! 
ilic principles adopted are us follows : — 

■ ichil mployed may be actuated by hand or by hydraulic power, 
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the core being formed by squeezing sand between two half dies corresponding 
in form to the halves of the required core box. These dies may, of course, 
contain several cores, the actual number being determined by the size of the 
cores and the capacity of the machine. The lower die is set horizontally in the 
machine, and a tilling frame laid over it, which serves as a guide for the amount 
of sand required. This frame is filled with sand, strickled off, and removed, 
leaving a cone-shaped heap of sand lying above the lower half of the core die. 
The top half of the core die is placed in position, and the halves pressed 
togother by the machine. Surplus sand is squeezed into grooves cut at the 
sido of the cores in both top and bottom dies. The top die is removed, 
a frame laid on and filled with sand, over which a plate is bedded. The 
whole is turned over, and the bottom die lifted off, leaving the cores lying in 
a bed of sand and ready for the drying stove. Fig. 126 gives the details of 
this method : a shows the lower die and filling frame, b the lower die filled 
with sand and ready for pressing. After pressing, the surplus sand is forced 
into the side channels, as shown in r ; d represents the core ready for turning 
over, an operation completed in e. 

Just as a metallic form may be pressed into shape by passing it through a 
series of dies, each one bringing it nearer to the final shape, so a mass of sand 
may be pressed in stages, the first of which gives a rough outline of the 
required form and the final stage the exact shape required. Machines have 
been designed on this principle, and are stated to produce good results. 

The authors* experience is that, whilst cores of regular section can be 
produced by any one of the three machines first described, a departure from 
a regular section leaves hand core-making in possession of the field. Probably 
the future will see an improvement in this direction ; but at the time of 
writing it must be admitted that the general run of irregularly-shaped cores 
are most cheaply and efficiently produced by hand. 

Passing from the core to the mould, innumerable mechanical aids are to 
be found, and selection Incomes a task of no little difficulty. Generally 
speaking, these aids may be divided into two main groups : — 

(a) As an aid to moulding rather than output ; and 

(b) As an aid to output. 

The first group is typified by gear-moulding machines, which are chiefly 
valuable for producing true wheels without using a patteru. The second 
group includes any mechanical aid to general moulding. 

Gear-moulding machines are most extensively adopted in iron and steel 
foundries : they have l*vn in use for many years, and are possibly more fully 
utulersUHHl and appreciated than any other of the mechanical adjuncts of 
foundry work. In describing the sweeping of a spur wheel, it will l>e 
rememl>ered that the teeth were formed bv segmental cores set to a circle 
desvriKxi from the spindle. Assuming that an arm carrying a patteru tooth 
block could l>o attached to the spindle, and a device affixed to the latter for 
withdrawing the block from the sand, then, obviouslv, the teeth of the wheel 
could Iv rammed up in stages. The authors have seen mauv makeshifts 
rigged up, leased upon this crude idea, but its full development is realised in 
the gear- moulding machine. Several types of this machine are sold, and one 
or other of them is in cotumon use in foundries. Generally, thev mav lie 

« * * 

divided into table and tkvr machines, although certain of the table machines 
may lv employed in the dual capacity. In the table machines* which are 
employed for wheels moulded in boxes, the table carrying the box is revolved 



untile ramming progressi^. the pillar of the machine re) naming stationary. 
In Hi.. 1 Honr-uiimlding tvpe, enipWrd fur wheels of large diameter, the pillar 
of i in.- maohine fits into a bed plate in the floor, and the un carrying the 
difith liliH-k pattern is rotated as the ramming |>i-i n.'ri'.-.si.'s. 

■ ;. [.«.■ represents the earlier form «>f mudim.-. Il re.|.iire.l a ihuiiImt 
nl buM bo be Bet in the floor, so that, on completing tin- teeth nf one mould, 

ill.- machine could I* lifted into another baas and a « ml one made. V 

furtlitr disadvantage lay in the fact that wheels of small diameter could nut 
be made. With the table maohine, in which the 1»>.\ is rotated, oompaj»tiTelj 
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IBaU aheeli ma; be made, and on completing the teeth of the mould the 
m m lifted awaj and the machine left free for another mould. The anus 

«id ban are formed by dry sand cores, as in the case of a swept gear wl I. 

■ i-tiu- in steel are of compo, and dried before fixing in the core*; 
'I to* cast-iron, they rnaj he cast creeii or dried, according to the weight of 
tlir vheel 

■ otiallj mechanical parts of these machine* are the dinding meobao- 

-""I 'I" method of withdrawing the tooth bl.icks. Withdrawal may be 

a«BOted, aowrding to (In- type of machine and tin- charactel of the l" 
vertically, horizontally, or at an angle. The dividing mechanism i- coi 



able lO that ni' tin- MTL'tt-ciitlinv L- u ( In.-, and ,illii"st any number of projiortii mid 

relationships may be established between the number of teeth in the dividing 
wheel of toe machine and the wheel to be moulded. Instructions IW this 
divisioii on either attached to, or supplied with, each machine ; but, ;us a 
general rule, the following may be given: — 

"Ae the number of teeth in the dividing wheel is to the number ol teeth 
ti the wheel to be moulded, so is the number of teeth in the wheel on the 
handle shaft to the number of teeth in the wheel required on the worm shaft." 
Haviiiii set the dividing rqipnra lus i'or the requisite windier of teeth, the 
moulding of the wheel is comparatively simple. A lied is stricklcd at a depth 
equal to the wheel faee, and the teeth are then rammed up. The patters 
fcOOth block has usually two teeth, and the space between the teeth is rammed, 
thut is, one tooth is rammed at n time. Sprig* tor strengthening, tenting, 

and other arrangements, according lo I In' character of 1 he teeth, are carried nut 

in the usual manner, In the ease of spur wheels, the tooth block is drawn 
vertically, and, to prevent a tear, a strip of shrct-irnu out out to the torn of 

the intermediate tooth space in held and lightly pressed over the sand by the 
left baud, whilst the right hand actuates the hand wheel for drawing the 
block. The tooth l>Wk may, by means of universal joints, be set at any desired 
angle on the slide, and adjusted to enter and leave the mould in any direetiou. 
This is of special moment in the ease of helical and bevel wheels. 

Machine Moulding as an Aid to Output. — Quality of the product is 
assumed to be equal or superior to hand moulding, and the distinction ia that 
uiechnnii al aids are directed to an increased output at a decreased production 
rust. Various forms of subdivision are permissible,, the one must consistent 
with our purpose is as follows ;— 

Uantl-nxmlihttti Marl, kltt. 

(a) Presses, actuated by a lever with the sole object of ramming or B 

pressing the sand. Patterns are withdrawn by hand. 

(b) Machines which, by means of a falling platform or lever, draw the 
patterns from the mould. Tbe moulds are baud rammed as usual. 
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The various types uf these inaeliines are designed to ram the mould I 
separate it from the patterns, They may lie actuated by means of steam, 
hydraulic power, or compressed air. 

Hand presses ur " squeezers " represent the most simple and adaptable of 
any of the mechanical aids. Loose patterns beddcil in a plaster or oil udd-iidr. 
or fixed patterns mounted on a plate, may be moulded in either boxes or 
snap-flasks. The squeezer may lie profitably employed on changing patterns, 
and there is baldly a bras-, iron or steel foundry In which one or more of 
these presses may not be put to good use. Fig. 127 shows the " Far well 
Press, made by The Adams Company, Dubuque, This press will squeeze the 
sand in any box or snap up to 24 inches by IS inches and up to a depth of 
10 inches. Larger sizes are obtainable, hut that illustrated represent* one 
of thfl mOSt useful BUses. The action of the press is as follows: — 

A bottom board and oddsido are placed on the two cross-bars, forming r. 
table and bottom part of box or snap placed in position. Fucing -and i- 
spread over tbe patterns, and tucked into any pockets; floor sand is filled in 
and piled to about 2 inches above the bottom part. A stout flat board i- then 



laid over the sand, the lever of the press pulled forward, which brings 1 1>>- 

pUtt Of tli'. 1 pram Over the Uix, unci a further depression nf the lrver eompi esses 
tlii- plate, iheri'liv srpice/.mt; the sand in the mould. A return of the lever 
thrown the plate clear nf the box, which is then striokled, tooted, ami turned 

• itm on bo :i board, and made ready for the top part. The latter is rammed 
i 11 the s.iiiu' way us the bottom part. A ruimer \n-tz. the exact depth of the 
top part, limy lie used, or the runner may he subsequently cut through by 

i Dean "i ■ tube, the 
latter plan being the 

I ■<< Tr.- ,. ,, L \ <-| llfUl . 'I'll.' 

i kh ii parted, patterns 

• Ihiwo, and tli' I'l 

*i nulled Bfi usual. 

It will !«■ Been that 

• ""■ movement of the 

1 1 i iih.- niie ]>urt of 

1 '"■ 1hi\, ud even in 
■' comparatively small 
'•"*. taj [2 inches bj 
2 inches, tlii- means 
■' considerable »i inp 

■' muscular eftbrt. 

'"•"itjus typed of 

■■ made. The 
""<• illustrated is 
~ I: 'i Umary, and the 
'"•••.Ms an tarried 
***» from n on com- 
P*t5ro, other types 
: "-'ii.iiiiiii-d..i, wheels, 
:l,M * am, therefore. 
Portable; imt we have 
**oribBad any special 
waaitage due to this 
\nothertypc 
known -i> 

""' Ba lie, is per 

""•l.cully holud to H 

"'■■ ". and u actuated 

,,v ii.i'iiu- nf ;■ geared 

"■'■"TiiMr in direct con 

Mction with a toggle 

•orking* plunger over fta. 1^7— Knrw. 11 Me* 

'I"' ton of the mould. 

K itli my type of preas, boards may lie cut to follow the outlines of the 

("■ti.Ti, . 1 these, "hen placed 1 "'tween the plates and sand, to sonic cUent 

" in' equal compression in all parts of the mould. In other cases, flat (wards 
ii to (it inside th" box, which in then only tilled to the top, so that, 
:>i.-i.ni, thoaand will he of less depth than the box. Personally, 
■..' find the best and least troublesome plan to lie in tucking in any pockets 
at Irregular parte by tneutui of the tinners, and in piling the sand to a depth 
iilinh. afU'r compression, will allow of striekling level with the iwi edges. 
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The next olaaa of machine, In which the object is bo effect i roechanwal 

parting of patterns from Ixix, is a Urge one. We ian only mIvi r H»« ■ nm-i 

typical examples, mill tlir.se are eoiitineil to lime hint's we have actually used 
Hen 1 the falling platform type is by virtue of longer use the most familiar. 
Briefly, tlie principle is that of fixing the patterns on n table which may be 
InvihtI completely over, tin this table, with patterns uppermost, a h;ill'-l-'\ 

is cramped and rammed up by band as usual. The table is reversed, the 
platform raised until it bears entirely mi the Ihix, eramjis of which an then 
released, unci the platform gradually lowered, bringing with it the half mould 
ttjd lesviug the patterns attached to the turnover table, tin reaching it- 
lowest position, the platform can be drawn forward by sliding on inn rail-, 
and ready access is tints given to the mould, Kig. lu'!S illustrates one m 
these machines by Darling & Sellers of Keighley. Various types are made 
by this fins, the cine illustrated has a 30-ineh turnover table, and will take 
boxen up U>, and including, 2i inches by IK inches. The distance between 
the table and platform can be varied from + to l'S inches. The falling gear 
is controlled by the hand wheel shown on the left of the illustration, which 
is spur geared to racks on the platform, iind, as the latter is balanced with 
adjustable weights, rinsing or lowering is performed with a minimum eflbrt. 
In another type, of machine, marie by the same firm, the falling platform is 

controlled by means of a lever, iml otherwise the general principle is the same 
The method of working has been roughly indicated. Patterns mav U 
attached to the tables in various ways, but in our experience the best result- 
are obtained by working from oddeidea or plates, preferably the latter. 
Interchangeable, boxes are an essential, and. in the case of pinto moulding, a 
master box for the plat* is desirable. This 1h>x is fitted as usual, but, in 
addition, is provided with titling strips inside and just lielow the joint face. 
These strips are machined out to such a depth that the pattern plate may 
Vie sunk in the box, with its upper face dead level with the box edges. Plate 
and box are then fixed to the table, and the requisite number of half moulds 
ratnmeci up, parted, and set in position on the floor. The plate is then 
reversed, and a second set of half moulds to complete the first set, rammed 
and parted as before. An ordinary plate lying between the two half bOXM 
may be used, but the method of sinking the plate into a half bui until it is 
flush with the joint is the liest plan. Should the patterns all la' on one side 
of iln.' plate, requiring only a flat top part, this may be rammed up directly 
on the platform of the machine. 

Hand machines which draw patterns directly from the snurl introduce a 
new feature, namely, the stripping plate, the function of which is to prevent 
a tear when parting the pattern from the mould. The patterns are mounted 
on a tilt: plate, atid raised from the surface b\ a ihiekness eipiivjdent to that 
of the stripping plate. The centre of the stripping plate is cut out to i.nic 
spotid with the outline of the patterns, so that "ben the pattern plate BdnhWn 
downwards the stripping plate holds tie' Bond in position. It "ill be seen 
that this method involves, in cases where a Hat top part Cannot I'" eniplewl. 

two pattern and two stripping plates, that is, one eauh for the top aud" the 

1« 4 lorn part of (be dd. The respective half moulds are made sejiarntclv. and 

assembled for easting. In the case of small orders, both pattern and si ripping 
plates may be of Wood : but when large quantities are required, metal plates 
are more effective. Stripping plates are cast with holes eortvsjxmding to the 
outline of the patterns, but larger in all directions. Sprigs are ca.-i in tin 
body of the plate, with heads projecting into the eored-out spaces, l'-ah 
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patten and stri]>pit>^ plate* are planed level, and, after mounting the pattens. 
tht stripping plate i- laid over the pattern plate, its position teannXtty 




pkttenu is filled in with a fusible white metal. Any type of low melting 
"'I") frill answer, and the I'd! lowing is given as a guide ; — 

Tin. 62 per cent. Lead, 31 per cent. Bismuth, 7 per eeiit. 

>.iii -i filling in. the upper face is levelled with that of the plate, and the 

i ure ln-villiil ;i little in oirler to lessen (lie frietion "lien drawing 

tin pattern. Evidently, a stripping plate may lie, and is. used uitli mdinim- 

band BOalding. When used ill ha lid- 1 ii ill- 1 line moulding, the Sole iii.'.-liinii. 'I 

maists in an attachment for lowering the patterns through the strip- 



ping plate. Ai] exceedingly good device for this purpose is the Pridmore 

niiK-liiiii', which is lai'L'eh used iii liritish and American foundries. In effect 
ilu' general prinoiple of these *«"**«■ is u follows:— 

The machine consists of a stiff, I nit, in some cases, |iortalile frame standing 
on the floor. Adjustable guide ways are provided in anil near the top of the 
fniuie on which thr stripping plate is supported, whilst in the base of tLe 
machine the it is a single centrally located L'uiili'. The construction jo'ves. in 
effect, a long rigid guide, in which the yoke carrying the patterns a raised Bod 
low-ered by means of a de|>riiding pitman, crank shaft, mid lever. The crank 
shaft is journallcd in a brass bushed l»>\, secured to the Unium ot the upper 
frame. The yoke is held in its highest [Kisitiou by the crank pin passing 
slightly beyond the centre and striking a stop. Means an.' provided for regu- 



lating the amount i 






adjustment i- atoo 
vided far taking up wear 

on the guides and crank 
pins. The machines alv 
built in various styles and 
ee, and a choice is thus offered 
■ moulding practically any type 
easting on them. Pij. 128 
a a square stand machine ; nich 
ariiiiirsiuay be worked either oingrj 
or in pairs, that is, cue machine meg 
lie employed on bottom parts mid the 
other on top pails. A plan of working 
advised by the makers is that of 
drawing the smaller machines forward 
along the length of a working floor. 
~j this plan the hoses an set down 
n position for casting » ithont having 
to be carried any distance, and, at the 
same time, the machine follows the 
sand supply. So far as our experience 
goes, we have not found very much 
advantage dm- to this plan, and, in 
comparative tests, we have obtained 
pfiii'iically the same results with the 
machine in a stationary position. 
This, however, is a matter that will vary with individual cases. 

As already noted, orders may la- executed by mounting the patterns OB 
wooden plates, and providing wooden stripping plates ; for large orders, natal 
patterns and plates are essential to a full output. In addition, the requisite 
number of interchangeable boxes fitting the size of machine are required. 
With the larger sizes of machines, cross-bars in the boxes may be dispensed 
with by making the sides of each half box in the form of \ which adds con- 
siderably to the rigidity of the rammed sand. 

A combination of press and pattern drawer is found in the EaflrmH 
niinevsid moulding machine. This machine, illustrated in fig. 1W. ■" 
practically a press provided with lifting mechanism located below (In -\> 
liouary press table, and operated by means of the lever shown. The fla.-ucin 
of this macliitie i- shown in the fact that it may be worked with a stripping 
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! ■ I . ■ r - ■ . at .,, n lifting machine, in which the mould is lifted off the pattenw, 

ll»' latter 1 H_>in._; mechanically mp|>ed whilst the box is being lifted. 

U In r i used with it stripping plate tin: [wit tern rests tirnily mi the stationary 
press table, with the stripping.' plate lying over it. Studs from the lower udt 
" r tin' stripping plate ]>ass down and rest on the lifter table. These hinds 
■DfEtge with -Hides on the pattern plate, and guide the stripping plate in its 
upihird movement. Un raising: the lifter lever, stripping; pint ■: and mould Are 
lifted off the pattern plate. 

When the niaehiiie is used as a lifting inaehine only, patterns are mounted 
M nde ol ii wooden or metal plate, provided with holes near the front and 




Km. ISO. - i'»rwell Moulding Machine. 

'*ek edges, throngli which loose studs are passed down on to the lifting: 
'■'I'll. When the lifter lever is raised, these studs engage with the edges of 

tlie box, and so lift the i ild dear of the pattern plate. At the same time a 

tupping: l>ar is vibrated, thus ensuring a clean lift. It will bo seen from this 
'irief description that the Farwell is an exeeedingly adaptable machine; this. 
uldi.il to the fact that all operations lire conducted by hand, enhances its 
, iliir for tlie ordinary iron or brass foundry. 

Power Machines. — Various types of power machines are on the market : 

[hi- ji'rity are founded on one or other of the principles applied in hand 

until ■«. Whilst power machines mav ]••■ emplnyi-d simply to compress a 

mould, Mich a course is unusual and also unprofitable. The i 



mMhintt »ill compress stiul iliii" the pattern bom ■ half mould: a 
than »ill conduct these operationa oa a complete mould. Stripping 
may lio employed, or. in their absence, a vibrator is attached, which tm 
catly nips the pattern plate as the moult) is being lifted off. Mouldin 
or snap-flasks may be used, according to the tyjx.' of machine mid chara 
patterns. Operation may be by the aid of compressed air, hydraulic 
or steam. This arrangement also gives the order of merit of the res 

- «6B Of power. Whilst stenm is usually available, it is not by any 

an ideal source of power for operating ni- nib linj^ in.u bines; at any ra 

is inn- experience. Hydraulic power and pressed air arc equally app 

but, unless water under pressure is available, it "ill be found more con 1 
to instill an air compressor. 

; J Fig. 131 gives a type of hydraulic machine, the action of which 
follows:— One half of a" moulding-box F is placed on the pattern plate 
the other half F, on the tro 
Both half boxes are clamped 
pattern plate by means 
clamps /' and li. The tc 
I Mix is filled with sand, the \ 
K raised, and the whole ] 
against the stationary head ' 
returning, the plate is arret 
ferrules y, is then turned ov 
the process repeated on ti 
box F,, which is now uppt 
The method of parting mot 
pattern is shown in the i 
lion : and it will be note< 
on lowering the plunge 
trolley will engage the rails 
permit of a forward withdn 
the mould. 

Many types of hyi 

machines are made, 1 

aiiiiualiuli of fig. 131 will e 
to the moulder direct inns it 
modifications are made t 
special classes of work. For example, In the case of shallow work 
machine can be made to ram top and bottom parts at one operation, 
if the bottom box is filled with sand at the same time as the top box 
on raising the plunger and compressing the mould, the pattern will be 
into the bottom box. In particular, one type of machine, patented by 1 
will simultaneously ram top and bottom parts, withdraw the patter 
close the mould ready for casting. This is effected by having the p; 
mounted on both sides of a plate swinging to and from the machine, 
the same time capable of vertical movement. Two circular frames, wbic 
the purpose of boxes, and a plunger For ramming, constitute the machiiu 
auxiliary plunger is constituted within the ramming plunger, and its p 
will be indicated in the following explanation :— A flat cast-iron plate is 
the lower frame, which is then rilled with sand and stricklcd off. The j 
plate is swung into position, the upper frame lowered on to it and fiUe 
sand. The plunger is then raised, and the win tie pressed against the stal 




fn, 1S1 . — Hyiiraalic Muulding Macliii 
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IipjuI <>f tin. machine. On reversing the valves mid towering the whole, tin- top 
r'-'i't i- .ini'-r,-,l first, tin: plate and liott part descend a littk', JUitl then I In* 

: rested, the bottom part descending the full length of the return. 
The pattern plate may then be Bwung clear of tlie machine, leaving access to 
am bottom part for setting any cores that may lie required. The top part is 
wwejed by hand on to the bottom part, thus closing the mould, and the latter is 
then raised bj means of the auxiliary plunger until clear of the two frames. By 
'"Cam, of the bottom plate it can then be lifted away from the machine and -et 

aWn for easting. Practically, a mould so produced is really a complete core ; 
l;i oulj tackle manured, so far aa the moulds arc concerned, being the bottom 

!>l»tes. This machine represent*) the nearest approach to a mechanical moulder 

*e Itave yet seen, and on shallow 

"'irk is capable of an extremely 

l»i>fe output. 

' Im of the most familiar 

'■'HUiplea of a machine operated 

V Pomprcmod air is the Tabor 

i"l*'iimatic machine, which is 

nuu) e j n variun- styles to HUil 

"P&eial requirements. With the 

'J'pt; in which pattema are 

'"*•*-■ lumica I ly drawn, tig. 132, 

P^t-tern plates containing half 

pacterni on one aide only are 

"""inted as usual and filled with 

^'"'1. lli'' ramming head is then 

' ln, W[i forward, and air at a 

F r *lfcnire of about 70 lbs. per 

u h admitted to the 

Tins lifts the upper 

I*"~t-ii f the machine forcibly 

'•■'Mist the ramming head, and, 

""'•"rdiny to the depth of the 

''■'■ lid, "ii ■ more blows are 

•"''■'i. On exhausting the 

'^'iidiT. the machine returns to 
"* Original position, and is then 
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ady for the withdrawal of the plate. This 
by means of a lever worked by the right band, whilst the left hand 
■ .he admitting air to a pneumatic vibrator, in one bense tin- action 
inator is comparal.de to hand nipping, but with the disf inctinti that 
h " " luil movement occurs in the pattern plate, which is more nearly akin to a 
■ ■ ■ r l . L i r I , , r ■ of ahrvering. A half mould is produced in an extremely short time, 
m that these machines will turn out a large output per day. If the patterns 
"' i i.-r, us admit of lioir/outal division nlong u centre line, then a series may 

lir unted cm one side of a plate, two moulds from which will give a set of 

latinga. Tims, on lifting a bottom part from the machine, it has to 
'»■ turned over in order to be set down for easting. A top part is lifted 

■iii_'lit nh" the machine, and in this position is ready for setting on the bott 

jiirl (tee fig. 130). 

The Choice of a Moulding Machine.- -Whilst it is quite out of the quest ion 

i work i if ordinary dimensions to refer to each individual machine *£ unseen! 

m even more difficult m L'ive any .-ut and di-inl ; i hi 
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choice of a machine. Whilst that choice is largely determined by the a 
Of repetition work on hand, other determining conditions peculiar I" eaeh 
individual foundry conic into play, and naturally the limiting natal* of these 
OOnditiOM Ban only in- determined hy the individuals most directly concerned, 
Apart from these we otter the following generalities, which may be useful if 
supplemented hy u perusal of manufacturers' catalogues. 

It has been shown that cheap, but efficient, patten) pbtea can be readil] 
constructed hy mounting divided patterns on a board. Such a board forked 
in i-iiiijiiiietiiiii with a hand press will, under good supervision, leave very little 
to he desired in the way of low production costs. This plan will admit oi 
small ijiiiititities Iwing produced in competition with repetition work. Loose 
patterns on uddsides may also be worked on the hand press. 

With onlinary small work, such as is usually included in boxes up tn 14 niche* 
by Hi inches, the greatest lime consumers arc (1) ramming, {2) jointing, and (3] 
setting cores. Jointing is largely obviated with a good oddsidc, and altogethet 
so with a plate. Ramming by the aid of u press reduce* the time occupied te 
that required for the pulling forward of a lever. Obviously, then, the greatest 
lime consumer*, with one exception, may he very considerably redn ■■■ 
simple and ine\]ieusi\e aid ottered by plate moulding and the hand press. The 
exception referred to is that of sitting cores, and, whatever form of mechanical 
moulding may In- ndopied, this e\cc[>tion will lie found ti> hold L'0"d. 

Patteni drawing does not take up mo much time as is usually supposed, and 
B moulder »ho cannot draw a small pattern without damaging the mould i> 
not worthy of the name of moulder. The advantage of hand-rammed pattern- 
drawing machines is that the fully qualified man can be replaced by one oi 
less experience. With these machines, jointing and pattern drawing .r. 
eliminated, and, in certain cases, the iuitinl outlay is comparatively small. On 
standard, but changing wnvk, mir licst results in machine practice have been 

obtained fr the hand press supplemented, in the case of deep patterns, such 

as Banged valve bodies, etc, bj the hand -rammed patteni -drawing machine. 
Accessories, In either case, are not costly, the output is high, and the quality 
good, Our best results on standard work, in which one plate could be run 
for at leant 300 moulds, have been obtained from a pneumatic vibrator 
machine. If the same plate could be run over a period of four or five days 
without changing, then production cunts fall very considerably, but -le li 
conditions only hold good in foundries producing large quantities Of repetition 
work. 

Whatever may be said to the contrary, stripping-plate machine* invoke 
cosily :n . ■■-..i! i. -. ; but this outlay is warranted, if the patterns are of a 
sufficiently standard character. These machines are specially good on intricate 
patterns, such as sinail spur wheels or others having little or no taper on the 
aides. 

Whilst hand machines of any type represent a low first cost, the cost of 
subsequent accessories must not he forgotten. Power machines represent > 
higher initial and maintenance cost ; but, if they can be maintained in constant 
operation, they give a low production cost. Finally, the chief drawback t-i 
the further development of machine moulding of any type occurs in core- 
making and core-setting- An improvement in the mechanical produotioH rf 
irregular cores will result in a very considerable advance in machine practic- 



CHAPTER WII. 

DRY SAND MOULDING. 

1,0 for its actual moulding is cnncenu'd, the methods employed in dry sand are 
l' l; n-lii:i]]v th'ifi: practised in green wind work. The only essential dillercuce 
!> tliid ih'' mould, nftor completion, is dried before l>eing east ; hence, it follows 
™*t the wind forming the mould must lie of such a nature that it will dry 
111,1 i |» irons, but not friable, mould. Tins rlcinainl- u strong sand of a similar 
"■ ltl1 ''- tn a owe land, and auch that, if the .skin of the dry mould is started, 
"ie aai,(j below will not crumble away. Ordinary green sand can be dried, 
"■■ -liiiulil the (aoe of the mould be broken, the sand in so friable that it 

''""ulilr-ii i Hushes before the metal. Practically every foundry centre has 

a natural sand available for dry work, and the rotten rock of the Clyde valley 
*s mi example of one of the best of these sands. In the event of a natural 
" Ji,,| l nut being available, an artificial one tan be compounded by bonding H 
■..iili olay. Thus, a passably good dry sand is ohtained by adding 
"*? to old floor sand and milling the mixture. The clay addition is solely to 
''"'I -Hi o|«-n and incoherent sand, and, for obvious reasons, an excess must not 
"-' iMod, Mixtures of dry loam and green sand are also used, the loam being 
**«d in sufficient quantity to give the requisite grip. 

Saitd mixtures arr applicable to brass, bronze, and steel tastings, and, whilst 
Utt' greuter bulk of steel tastings are made in dry moulds, the facing used is 
*" "rtifieiaJ "compo," made up for the most part of a mixture of burnt 
factories, such as old steel -me I ting crucibles, fire-bricks, and fire sand. All 
j| e avy brass eastings are made in dry sand, and the sand used is rook, Man* 
"°H Staffordshire, or Erith, and similar kinds, bonded, if necessary, by elay 

*>tl opened by horse-dung. Should u- of these sands In; available, a mixture 

[i us indicated. Iron rusting* of ronsiderable "eight may be made in 
i. but, if the easting is at all intricate, as, for example, a steam cylinder, 

* dry mould will give a better result. 

The amount of drying given depends on the character of the mould and 

ntering it. Thus, nil moulds for steel castings should bo bone dry, 

''"'■ owing to the high casting temperature, faced with refractory eoinpo. 

M-eptinns me met with, and the authors in several cases have found 

■'"tin-dry stand mould preferahle. As would be expected, a bone-dry mould 

"' ' |"i which sets very hard is a comparatively unyielding thing, and, as 

'"<li. »ill retard the free contraction of a casting made in it. This obstacle 

* nwlily removed in the case of a massive casting by releasing those parts of 

Ik" ild which bind, as, for example, by digging out the arm cores of a 

targe •'heel. With a large intricate tasting of light section, parts of the 






i ltd which bind cannot be tenoned in sufficient bin* to allow fan aaattm 

lion ; hence, in certain cases, a yielding mould is preferable. This is sown 
plished by making the mould from a good red sand, and drying In df 
to a depth of half an inch or thereabout*. Skin drying may be effected b 

laying lire -baskets "Ver tin.- t dd, and burning in them either coke or charcoal 

or the moulds may be dried, by means of red-hot ingots or plates. The HKM 
convenient plan is to cover the mould with naphtha, by moans of a snia 

Watering-can, and to apply a lighted match In storing ;uid linodiili". IKiphth: 
it** dangerously inflammable character should l.r remembered. When li^litin 
a mould covered with naphtha, a match should lie applied to the edge, ;md th 
face held away, as the flame, instantaneously formed, shoots straight up. 

Whilst skin-drying is only applicable to steel listings in the limited sen* 
indicated, it is very largely applicable to all typ 1 ' 8 "f iron and brass easting: 
The whole, or a portion only, of the face of an ordinary green mould may h 
readily dried by a hot plate or a little naphtha. This is of special ad van tug 
in the case of projecting pockets of sand which may lie readily stiffened t 
resist the washing aetion of a stream of metal. Apart from thin, any part < 
a mould whieh has had to he patched and unduly swabbed may have th 
surplus moisture readily driven off. hi the case of large brass castings, -u< 
as large step or tread plates, name plates, and the like, which are notorious! 
thin, skin-drying is a considerable assistance in obtaining a fully-run casting 
It should be remembered that a skin-dry mould, after drying, cannot b 
touched on the face : it should not be dried until nearly ready for casting, u 
the damp will strike liack, and it should not l<c closed until the last uioinenl 

A bone-dry mould presents very different conditions to a skin-dry one 
in the first place, the whole of the added or hygroscopic water has kv 
expelled, and this fact allows considerable latitude in making the m.mli; 
Thus, a comparatively close sand may lie used with harder ramming and In- 
venting than in the case of a green mould. The expulsion of water by drytn 
is a most efficient substitute for the vent wire, and a compact sand in th 
green state will dry comparatively open and porous. IU the same token th 
risk of scabs, buckles, cold shots, etc., is considerably lessened ; therefore, 
dry mould is always safer than a similar green one : and wasters in dry sain 
;ov less i'\rii~.;ili|i' than in green sand. This lessened risk is a good off-se 
against the cost of drying ; and, further, the actual moulding operations ai 
often more quickly performed in dry sand than in green sand : hence, ii 

certain cases, total costs c pare very favourably with green sand. This \- 

hc i we ver, a matter determine/1 solely by the character of the patterns ; fo 
example, a mould having several cores which require ohapletting down would 
if made green, occupy a fair time in making the chaplets rigid; whereas, i 
made in dry sand, the surface of the mould offers, in the majority of ease* 
sufficient support for the chaplets. Hence, in the ease ol an externally plaii 
casting, which could he readily made in green sand, internal cores ma; 
actually make a dry sand mould the less costly of the two. As anothe 
example, ship's liollards of 'Ml cwts. or thereabouts may lie made either greei 
or dry, but experience slums that comparatively little advantage is ^ainn 
by drying, and that actually green sand will produce the same quality v. 
casting at less cost. On the other band, small steam-engine cylinder- of . 
cwts. or so, which may be made .;reen or dry. will, in I lie lutt-'i ease, not mil 
fcive a better casting, but also a less costly one. 

The choice of method, therefore, depends largely on the type of im-iiul 
and, in iron at any rate, not so much on its actual weight. As ■ rid. 
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V'lmtlii' and steam eastings give better results in dry nod ; "Wrtingi pound 
ii position, cylinders, liners, water-pipes, and h forth, an made in 
'""> nmulds, because of the pressure exerted mil the hot loin nf the moulds by 
«*W depth of metal- Hhnibir eastings in green moulds imuld -swell at 1 1 1 ■ - 
"ttoai, and, if rammed hard enough ti.> resist swelling, nmilil ier\ likolv 

U .1 general rule, all brass castings exceeding 1 cwt. should la- made in 
, ' 1 . 1 nod, owing to the foot that masses of brass or bronze have a very 
''-'iirtliinjr effect on b green mould. Whilst heavy bran castings no bi made 
1,1 KH-rn sand, the extra trouble involved in providing against Imtli waivUm; 

""! -'-'1.1. 'in-- renders the met hod more cost ly than that of drying. \sulrcaih 

'"'tt'il, practically all steel eastings are made in dry moulds, the chief reason 
'.Villi; in the high temperature of fluid steel anil its tendency tii iiiiiniimrliKf 

Am stated ill the opening sentence, methods of moulding are Ihe M ] 

jjMja, complete or skeleton patterns are used, moulds may be swept up and 
'he KJdott formed by means i>f cnj-es, ete., by any of the methods ahead \ m .led 
"'' creeii sand. With some sands i! may lie necessary to sleek the joint down 
'* little lie fori' drying, iu order to prevent a crush when dosing the dry mould, 

'' I'l In ays adopted in the ease of moulds fated with compo, Tm Eactng 

"*ra[J r j- mould is always applied wet, and not shakei is in the cast "i I 

p'""n mould. With skin-dry moulds either wet or dry faring* may he used 
'/'t. en [lie case of a bone-dry mould, the facing is always painted on wet. 
Jpes of facings or blackings have been dealt with in ('hupter IV.; it mai, 
again he noted that pure plumbago iu the majority of eases in 
'-a-iriedly the best : and though more costly than " mineral blanking," that la, 
*'v line ooaJ dust, the better skin of the castings is good warranty for Its 
'**('. Further, it may again !«.> noted that although plumbago and blarkmi; 

be true brass colour of a brass casting made in a gree id, moE 

■ when these facings are applied wet to a dry sand mould. 

\ ling to the character . »i" the ue-uld, ii \ I"- ponied I ••■<■•!■■ drying, 

after drying, so long as the mould hax siitiicient initial laid t" dry lie' 
-ing. Main moulds, such as pi-upi'ller Mad.--., mv painted green and stovi-d. 
ing, if any cracks are preseut oil the face, Uiej are touched up with 
~*1 and plumbago, and on all dry moulds oil is used in the same way that the 
^y *T awab is Deed on a green mould. Pipe moulds no- coated wh.il 

T^d,ai hand [Kiin ting is out of court, various devices have been applied for 

'Mrihuting the liquid facing evenly over the surface of the mould, 1 

' "-.ii Id may lie plugged at the bottom, tilled with blackwash, and than dji d 

*'■ >m Ihe I- it turn. With large pipes a leather disc mounted on R loi 
W*liu* a short distance in the mould, and two or three bucket* of blackwash 
l*'nred over the top, an up and down movement ■■( the dine nerving to dia- 

•■bate the blackwash evenly ovei the surface ol the Id 

Examples of moulds painted after drying are found in toothed wheels and 
^iii'lnd moulds "f uneven surface. Finally, it must be noted that. 
lokwaah is used, the - 

n W)s of any angle?, must not lx- ohlitenit.-d Many moulder* ■hi'k a pUltl 

■'. "hen this plan w followed, a grind »kin 
luould with mineral blacking, nhaking a dust of dry plumbago 
■turf ace, nod nlonking down with tool". !'■■ k not found -h-eking 

t ad vantage on dry sand work, and an 

kin as mo be desired. This ranwrii 
>aud castings in almost any metal or alloy. 
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GKNEKAL FOUNDRY PRACTICE 

Methods of drying 1 1 1* ■ moulds van, bat > strong tendency is exhibit »~~=?*J 
towards obtaining better value from the fuel consumption and shortening ("■ ■>•=' 

Hi I drying. A mould made in the floor must, of course, be dried '" 

position, but ita top puts ami drawbacks may !«■ dried in a stove, SimilarasW-y. 
all complete moulds made in lm\cs may bo staved. 

When dried in the floor, fire-devils or lire- baskets are bung in the moul^^ - "' 
hut in the case of a large mould, fir*™ are built directly over or sitrmunui^aaan)! 
lb*' mould. Thus, bearer bars are laid across the mould and covered wi " 
jierforated plates on which Bra Ue laid. In the absence of a. stove, i. 
part may be suspended over the lire, i-are bein- taken that the flame shall t^^C" 1 
eateli tlie land and so tat m it. Open firing of this kind is done during i - '"' 
DJgbl or whilst the foundry is at rest. Obviously, the method is not ccono n — — nn * 
OO, for, apart from the setting of the lire, considerable time is occupied ln 

removing the ashes, plates, etc.. and in cleaning the mould preparatory *° 

closing. 

The ordinary drying stove is a brick chamber, supplied with h ■■■ 
according U> its si/e. and furnished with a sot of rails and carriages on win-- ™ 
the bona fa* drying may lie loaded. The rails from the stove are continue— "^ 
niio the foundry in order to bring the carriages within reach of the emiieaeaaa'*' 
may be fired with coal or coke, the latter being preferable, U " 

,1. h> imi lea vi? a sooty deposit on the moulds, and the foundry atmosphere '" 

clearer should the stoves bo at work through the day. The grates niav '"' 

fed from the inside, in which case they generally consist of large Uiski- ■ 

which are filled up before the carriages enter the stove. In other cases, tfc*"*9 
dm] ba externally fired, thus giving the advantage of continuous firing ail ' ! ' 
out opening tha stove doors. The latter are constructed of plate and eaff&P 
iron, and, its a rule, slide up and down in guides, being assisted in tin- mtn 
ment by means of counter weights. \\ here space in front of the stoves w J 
permit, doors divided in halves and opening outwards are more coiivcnieE^"*'' 
The principle of all drying stoves is that of slow combustion, and the monk** » 
are drift bv means of heatiil air, therefore the chambers should It- built so ^s** 
BO give the least km by radiation. Not only so, but the current through ik*^-"; 
store should be such that whilst the watery vapour is carried offa minimum ■■■■[ 
sensible heat is lost. This is attained by having tines at or near the floor lev aaw 
and at the opptwite ends to the grates. These flues may l>e oonoeoted to * 
■hort Stank, but will he found to lie as effective if simply led into the open. • " 
■■■■. I brisk current through the store should be avoided. 

The usual method of getting the carriages into the stoves is by means ^^ 
a long bar used as a lever between the wheels and the rails ; and, in the cse** 

of a carriage fully loaded with green moulds, this operation is si tout"' 

heavier than it need be. Assistance in this direction can be obtained k»J 
jiving the track a slight inclination towards the stuves , tor withdrawing tl»*' 
carriage a chain is hooked on to the end, passed through ;■ block imbedded •»* 
the end of the track, and connected with a crane. 

Many types of drying stoves could be given, but the simple view of * 
heated chamber, as outlined, practically covers all the more ordinary tjjf**1 
of stoves. A stove introduced by Mr J. It. Thomas 1 possesses many special 

Practically, tie- stove ooswiatB of two chambers, both heated ' 
«aie grate. The temperature aimed at is 4J6" F., and a pyrometer is iim 
"atting ajid thereby regulating the working temperature. Reference to 
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*3 and 134 »ill at once show the construction and method of distributing 

" 6 products of combustion. The latter are drawn from the grate A over the 
t) B, where they unite with cold air drawn through the opening C, the idea 
g to pass a large volume of air through the oveua in order to carry away 
e from the moulds, l-'roiii thence the pises jiass aluiu; the Hue I) 




jb drawn downwards through the iipeiiiiit.'* shown and into the stack. 

J this arrangement the hut gases are i_'^ni|«/llod U> nuaa downwards, and 

"intact with the green moulds will exchange heat trrv vapour which 

drawn away. Thus an efficient current oaaV ^^Uwned and the 

"i quickly dried without burning. 




GENERAL FOUNDRY PRACTICE 

Although, in the foregoing case, the grate in not described « 
ducer, il could almost be regarded as one. since it is the source of I CUCTO 
of heated air by which the moulds arc dried. An external grate ean lie fitter— — 
in the forni of a small producer, and, working on the principle of incompleC^' 
combustion, give rise to a stream of combustible gases which may be led inC^- 
the stove and by admixture with air be burnt in the actual drying chambe^^ 1 
Reference to fig. 197 (p. '266) will show an annealing furnace worked on thi^^ 
principle, that is, with a self-contained producer. Whilst a stove so heater- " 
is a decided economical advance on one fired by solid fuel, a still further- -r: 
advance is found in having a central generating station. In the case of big " - 
foundries buying several diving stoves, this plan is possible, hut hardly so i^^t 
the case of a small foundry having only one or two stoves. Any type o-^ 
producer gas is applicable ; thus, if a Mond plant is on the works, the main- - 
may be tapped and led to the foundry drying stoves. Steel foundries m»^^ 
draw their gas from the same source as that supplied to the open heart 1 
furnaces ; and. if a blast furnace is available, as is often the case with pipe^ 
foundries, a portion of the waste gases can lie put In go<vi use in the foundry- — 
stoves. Methods of combustion vary, but a simple and efficient plan is tc^' 
have a series of openings parallel with the carriage rails, and to burn the ga.- — ~ 
in the form of jets at each opening. Methods of regulation lie iu stopping 
oil' one or more jets as required. More elaborate methods consist in having" 
regular combustion chambers, which, in a limited sense, are comparable with 
the ports of an open hearth furnace. In such cases the amount of gas 
emitted is regulated by ;i mushroom valve in tin- gas main, and the requisite 
air for combustion is drawn through openings at or near the point where the 
gases are burnt. 

Oil as a foundry fuel is naturally of greater interest to American than 
British foundries ; however, when employed iu drying stoves various device- 
have been designed to attain full heat value from the fuel. A point of 
moment lies in the fact that these devices all require compressed air. ;, 
decided drawback from a foundry point of view, since drying is more con- 
veniently done during the night, when the mechanical plant is, as a rule, shut 
down. The following ingenious device is. however, well worth attention. In 
a paper read before the Philadelphia Foundry men's Association. Mr S. E. 
Barnes described his method for healing drying stoves through the night 
when compressed air was not availuhle. Steam is substituted for air, and the 
stove arranged to generate its own steam. The generator is a cast-iron 
return pipe 3 feet long, placed in the tire grate with one end connected to the 
town water-supply, and the other or steam end to the burner. The internal 
diameter of this pipe is J-iuch. When starting, all cold, oil is first sprayod liv 
means of compressed air : water is admitted to the return pipe ; and in a few 
minutes a steam-raising heat is reached. The air is then shut off and the nil 
sprayed by steam only, hi order Lo attain the necessary oil pressure, town water 
is led into the bottom of the oil tank, thus forcing the oil upwards. The flow 
of oil is regulated by the steam pressure, which automatically opens or closes 
the oil valve with a rise or fall in steam pressure. Should this pressure cease, 
the oil valve is closed and locked. Fig. 135 gives a plan of the apparatus, anil 
from it the automatic character, after the first generation of steam, will (*■ 
noted. It is stated that two stoves, each 9 feet by 16 feet bv 12 feet, 
averaging 3 or i tons of sand per stove per night, give an oil consumption oi 
90 gallons per day, crude oil at 4 cents per gallon being employed. 

Beddcd-in moulds, as already noted, have to lie dried in the Boor ; 



"i.-iIk-I ,,|" open firing, apart from other nl >ji:.:tk-iiMl ■!■■ features, is costly in >">tli 
'-'■'•■ill! iiihI fuel. Diving by licit air is applicable to this and other classes oF 
'■'-'• »rk. ill" ]innripli' l.i-inir tlmt of forcing a current of heated air through the 
•"'• wad in-.uM. Fig. 136 gives an elevation and a sectional view of Shsddon'a 
Portable mould drier, and represents a type we have found of decided advantage , 
1 *i drviiiL' iron, steel, and brass moulds. Briefly, tin? apparatus consists of a 
'"eotangular steel chest, the angle irons of the corners lieing eoiitinued to form 
'*-"%5s. Internally the bos is lined with lire-bricks set in lire-day, and is divided 
i 1 1 tu t kin [mrtiims. ;ui shown, the dividing wall being carried up to within 2 
i riches oF the top. At the front of the chest a valve casing is fixed containing, 
«"« -s.p*'i'!iielv, ;m admission valve and two inner valves, one at the bottom for 
; "3mitting air up through the fuel, and one at the top for mixing with the heated 
'»ir and rapidly forcing it over the dividing wall down through the second 




. hunber and into the mould. The discharge pipe of tig. 13fi is fised directly 
Ml an ojiening in the mould for the admission of heated air. Blast may be 
..btained Iron) -,i small direct -coupled electric motor and fun ; or a stationary fan 
fn-diiijr a service pipe laid in the foundry floor may be used. In the latter 
i ilile connections are provided, and these in tum are connected to the 
mIts boa "f the drier. 

In drying by this plan we have found the following points of value: — In 
■ ■ i deep mould, close the top part on to the joint, admit the air atone 
■'■id, and provide an outlet at the other end. In the case of a mould of thin 
notion, raise the top part a short distance from the bottom by means of 
packing, but seam up the joint, except at three or four points which am used 
;.-. onueta. In Bvery case it is better to start with cold or lukewarm air, 
terminally raising the heat by means of the regulating valves until the desired 
tempemfetre is reached, as judged by peepholes placed in the second chamber. 
Tin |.l.i]| tritl prevent ncorchiug or e nicking. Should there be any danger in 
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this direction, a further safeguard is found in laying a piece of sheet-iron or 
asbestos immediately below the discharge pipe. Finally, although this 
method of drying is now being largely adopted, many foundries in which the 
method has not been adopted will find it of decided advantage. Personally, 
we have found it of high value in every class of work, except loam moulds ; 
and for these our strong preference is, wherever possible, to stove the moulds, 
although hot air, when applicable, is of service in rapidly stiffening up for 
farther sweeping. 




LOAM MOULDING. 

A i:i;«i!knt dclinition of loam u inul'lii l^: is that of u Mill;; without patterns, 

and, like many definitions, it has the doubtful virtue of nut lieiug applicable. 
Whilst sand moulds can be made without patterns, loulii moulds can be, and 
are constantly heing, made from jwitterns which may bo solid or in skeleton 
form. The general notion of loam moulding is that of sweeping up to shunt', 
and, in its simplest a.sjieet, it is represented by a central spindle and suitable 
strickles for the inner and outer portions of the mould. Obviously, this 
confines the method to circular or semicircular castings, but any geometrical 
figure may be swept up by travelling strickles over guides cut to the required 
sliajX' ; and where tins met hod is inadmissible, as in the ease .if eastings uluH> 
are not portions of a regular figure, then skeleton or outline patterns arc 
substituted at if 1 used as guides. 

The requisites for loam moulding are foundation or building plates of 
sufficient stability to carry the whole structure ; building rings for strengthen- 
ing the brickwork : parting plates for separating parts of the mould ; building 
loam ; coating loam ; and finishing loam. Building loam is simply blaek sand 
mixed up into slurry by the addition of water. Coating loam is used for 
{letting the form of the mould ; whilst finishing loam, to some extent compar- 
able with facing sand, is the same, except that it is in a finer state of division. 
and is usually obtained by sieving the loam used for coating. The coanu-t.cv 
istic features of loam vary according to district, and have to some extent been 
dealt with in an earlier chapter. We may, therefore, for convenience, here 
regard loam as a strong typo of moulding sand ground under edge runners, 
and by the addition of water brought to the consistency of stiff sludge or 
mortiir. The backing of a loam mould is formed by building in red bricks, 
which are strengthened where necessary hy cast-iron plates or ties. Other 
equally important essentials are the [irovisii.ni of drawings giving a clear con- 
ception of the easting to be made, strickles, pattern Itoeses, gauge sticks, and 
outline patterns of parts which cannot be swept to shape, Gauge sticks 
should be cut to mould size, that is, contraction allowed for. In inanv eases 
a sliah of the drawing will enable the moulder to make the whole of the 
tackle required for the job before nctually shirting it ; but, in other cases, 
the (inkle may have to lie made as the building progresses. At sun rate, u 
clear idea should be obtained of how the mould is to be made before starting 
it, and preliminary thought will save arduous work and delays due to waiting 
for metal to cast tackle. 

As a simple example, the ease of a plain cylinder may be selected, a 
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hist .(<.'|i a sweeping tip the bottom [date. This platfl has to carry the 
wmplet* uiiiuM, ■■"ii|i]i~iii^ ere, i-ii].«*, iuifl top plate, and must also serve as a 
gam fur thfi i'iijh 1 . The top plate or top cake takes the place of the aand 
tap put, the cope ie that portion of die mould lifted my, whilst the core 

reten to the stationary part "f III.' mould. 

Bottom platen are eaet with boles in the centre, thus allowing ■ socket to 
be bolted '>r cratuped on the undc-i side, A siiit.ibk- plate with socket so fixed 
in laid on n stove carriage, and a single count*! of brick set In building loam 

kid on. For tins course the Wicks t're set with about J-tnch joints, and the 
intention tilled in with cinders. The surface is daiilted with coating loam, 

DOOd line of brick laid in a circle cor res] ending to the cylinder. 

9 thv spindle, and by means of rotating the joint strickle, the form 

thaws in fig. 137 is obtained, which is simply a fiat surface with a step] ted 
joint. The spindle is remove*], and the carriage rim into the stove in order to 
iiiHvu this joint. After drying, the joint is hlackwiished in order to obtain 
ideas part at a later stage, black wash in this ca.se serving the purpose of 
lilting and in sand moulding, as loam will not elag to a dried and black- 




Fie. 137. -Sweeping Bottom Plat*. 



washed surface. The heal of the plate will dry the bhickwasb, and it is then 
ipwIv for building the cope. The cope strickle is set in position, and a cope 
ting is bud on the joint with its ii]>[k i side .In washed. This ring should be 
provided with fmir iipiidistunl lifting snugs. On it a circle of red brick is 
■'■nilt up, us iu tig. 13«, leaving a space of about 1 inch between the brick and 
the strickle the latter hciii" worked nurail i.s the bricks are laid, in order to 
gauge tins diatance". In bricking tip loam moulds it roust be remembered 
that, although the bricks give stability, they do not give porosity ; hence, all 
ii'titinir must lie lietwcnti their joints, therefore Wick to brick is inadvisable, 
Hid it good plan is to allow at least .1-inch joints, hi a more intricate mould 
than the one under discussion, the joints would lie varied thus, close huildiiu: 
being fallowed mar the face and open building at the back. The joints filled 
in with building lnnm are, » hen dry. practically self- venting. Having built a 

i' k. the inner face is daulicd with coarse loam and finished off with 
fine loam to the contour left hv the strickle. The whole is then Moved until 
the e>]- has stiffened sufficiently to admit of lifting, which is effect**! by 
i na of a beam and chain slings passed over the snugs of the cope ring. 

Is (lien set on one side, and the strickle set for the core, as in tig. 
1.19. This is Wicked and swept up, as la-fore, leaving a clear space in the 

centre. A point <J ment lie-sin the fact that cores of this character are, 

■•-hen dry, exceedingly *trong, mid offer high resistance to liquid pre 






<hin limits, the greater the pressure the greater" 
i decided advantage ho far aa casting i 




Fin. 138,— Sweeping Cope. 

hut, when contraction commences, then the arch is a disadvantage. To make 
such a core capable of com press inn by the contracting casting, eiich course of 
red brick is broken by three or more loam bricks, which, owing to their softer 




Fio. 13fl.— Sweeping Core. 

nature, admit of£a certain amount of yield in the core. Loam bricks are, o 
course, evenly distributed amongst the red bricks, the joints of which should 
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**.lw be BiiftJL-i-. utly wide to admit of the bricks being brought together bj the 
» -r mt ra-_t inir casting. After hrieking up the '■■ >i'l.-. tie' fac is coated with n.;o'sr- 
Ijossj, tiiiislii'd off with fine loam and stoved, Tin- next requisite is h flat top 
CSkke, which is usually a flat plate or ring with projecting dah)«rs on one BtOU 
mid cored out in various parts so as to offer » scries of holes for selecting 
■-Tinners aud risers. The daltber side is evenly coated wit li loam, either livm 
fclie centra! spindle or by means of n strickle worked over straight edges set 
■ jli cither side of the plate. The holes not required for runners, if they come 
over tbe casting, are filled in with loam bricks, The rarioua pacta ol the 
mould are then stoved until bone-dry, aud are then ready for finishing off. 
IjOoiii moulds :ire often surfaced by saud]ia|HU' T but a simple mould of this 
t v)h- should be ready for blacking just as it left the strickle, with, of course, 
tlie intervention of drying. Blacking should I"' upplied whilst the mould 
contains sufficient heat 1" dry it. The bottom plate carrying the core is then 
»*ft in n level position, and the cope lowered over it, the bottom join! first 
- •-.■'.-\>i up acting as a guide for its return. Whitening is spread over tin' top 
j. lint, and the top eake fitted on, and tbe position of runners and risers tested. 
On lifting off, tbe whitening shows the character ol the lit, which, with 
proper sweeping, should be correct. The top cake is then returned and tied 
to the bottom plate by means of binders or cramps and wedges. Runners 
ainl risers are tilled in with tow, to prevent any loose dirt fulling in before the 
■ made up, In considering the question of securing the mould for 
uawstiiig, it is obvious that the circular core entirely surrounded by metal is 
oomparatrrolj safe, since any pressure put on it is distributed ore* the 

a i rcuuiference. Upward pressure is readily met by fastening top ami Imtt 

platen together ; so that there only remains the outward pressure on the rope. 
' ¥1 the majority of cases, this is met by lifting the complete mould into a pit, 
•roofa is hard rammed level with the top plate. An alternative method, 
(►oseeesing many advantages, is to place an iron curbing over the mould, and 
•"am the space between it and the outside of the mould with sand. 
'ings are extremely useful, as they save much labour in ramming pits. 
'J'Xstable curbiugs are formed by segmental cast-iron plates which (it one into 
'.'["" 'ut. and may be made up into any required diameter. After ramming 
e 'nouid in a pit or inside a curbing, runner and riser heads are made up, 

** the dd is then ready for casting, 

The foregoing outline of the simplest kind of bum moulding is a good 

** tuition of the principles involved. More difficult cases are met by 

PP'ying the methods followed in sand moulding, so as to tit the particular 

r**ls of loam moulding. For example, if, instead of a plain cylinder, a flange 

•'"quired on both ends, a slight alteration in the strickles is all that is 

* 1 ' i ii-,-, I. A rope drum or pulley would be made in the same way, save that 

: [lea for the cope would be cut so as to form the required groovea. 

■iid hub had to 1 ast in the centre, these would lie fanned by meant" 

1" l "i,.,. Assuming that the plain cylinder required external brackets, feet 
projections, these are provided for by using, patterns of the shape 
""Noired. and bedding them in as the building progresses. Usually loose 
:1ns character aro set in the position required by a patternmaker, 
■*» tin; moulder must see that i lovement occurs after setting. In tbe 
sl,i 'J--iity- of cases this pattern will require a drawback in order to effect its 
*jttdl»wal In principle, loam drawbacks are similar to sand ones, save that 
,l "- pattern must always lie in the mould until the latter has stiffened, and the 
is therefore not disturbed until the mould has been whnllv or 
A i 
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partially dried. The utility of drawbacks is Further increased by joints in til 
mould. Thus, though it may Ih' unnecessary, ho Ear ae the sweeping oi 
mould is concerned, tu Imve n joint, yet such may be ueoeaaarj in order ■ ■ i 1 1 - ■ 

to draw the patterns used, or, when liuishin;; the mould, t" hx tin- .-ores i 
position. Partings of litis character art* effected by rings similar tu th 
bottom cope riug, hut the actual parting is not mads until alter stiffening 
As regards -iiiil'-.-, fur reiurning eitlier drawbacks or puts of the mould, i 
many oases the joint win he formed to give its oun guide in returning, and th 
efficiency of this mav he iu.-i-'ased hv i/uttini: V-shap-d notches on the outbid 
of the mould. 

Evidently, then, a cumhi nation of strickles, drawbacks, and Loose piece- 
with the requisite partings, will alluu considerable latitude in making casting? 
chiefly of it cylindrical form, hut embellished by additions which cannot 1> 
obtained by sweeping. This sentence prac tic ally covers the making of 
steam cylinder, for, obviously, such a casting may be regarded SB I gimp] 
cylinder plus accessories, such as flanges, steam and exhaust porta, Bb 
Flanges are provided for mi the strickles, or, in the event of their not beinj 
circular, liy means of pattern frames. Steam ami exhaust porta are mode ii 
pattern form ; and access fur placing cures, if not obtained through the draw 
back, is obtained by suitable pit-tings in the cope. 

As a second type .if loam moulding, tlie i-ase of ■ large pan carting may b 
taken. Here, if the complete mould is swept up, the eore part wouli 
necessarily have to be BWept from a different centre to the body part of thi 
mould ; a plan which, though quite feasible, would entail mure trouble thai 
the following one. The usual plan is tu sweep one part to buso, thickness it 
and hiiild the cope on top ul' the thickness. Fig, 140 shows the arrangemaa 
adopted when the pans ale cast inside down. The various stages He, tirst 
building the cure and striekliug to size. This is stiffened, either in the atari 
or hy building a Eire inside, the products of enmhustion escaping through thr 
hole left by the spindle. By means of a thickness strickle, the cure is cat.-, 
with a thickness of loam, giving the outer form required in the easting, Thi- 
is stiffened, and the cope then built directly mi it, Itehu* carried fnnu a oopi 
ring bedded uu the joint ; the face uf the easting i.s luamed over by hand, am 
banked by brick as usual. The further stages are |iarting, removing tht 
thickness, making good the hole left by the spindle, and closing ready fol 

casting. The compli-te hi is well rammed in a pit, and the core vein 

brought away from the sides. Instead of building the cope on a ring, it may 
1* carried hy means of irons somewhat akin tu the saddles of a projwllei 
blade. These irons are simply open -and plates east tu the curvature, line 
keyed together, thus offering a good support for the bricks and Loan wedged 
m between the irons. This method of casLing pans, although at one butt 
commonly followed, is not a good one. The defects are found in the spaci: 
under the cure permitting uf an accumulation of gases, the difficulty ol 
satisfactorily binding, and the pressure of liquid metal on the top of tlM DOB 
which nearly always leads to a more or less slight depression. In our own 
practice we have always fallowed the plan of making the eastings with the inside 
of the pan up, thus permitting of more systematic binding, less pit ramming, 
and, if more than une easting is required, of a very considerable saving iu 
building. Fig. Ill shows the method for the bottom part uf a dynamite pan 
Casting made from a mixture of all hematite pig-iron. Details are bl iefVj IB 
follows: — The outer building is comparatively open and well vented by usUe- 
between the brick joints. Near to the casting the building is closer and more 
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sitting the cope on the stove carriage. When preparing for casting, top aud 
Ijottoin plates can be readily and firmly tied together ; hence, there is only 

OUtward pressure on the bottom building U aside!'. This in met by ramming 

in a pit, and, generally speaking, all built up moulds should be so rammed. 
However, the fact remains that all loam moulds are not pit rammed ; and 
although on paper one ought not to advocate any plan introducing an element 
of risk, yet, obviously, a mould, such as shown in fig. 141, can, by strong 
traildjag and external binding, be made perfectly safe. Outside binding is 
secured by having the top and bottom plates somewhat larger than required, 
and cored out at intervals through which vertical bars may lie passed, thus 
admitting of horizontal plates tn'iii^ wedged against the outside of the building. 
This, of course, implies that the mould is externally square, and, when st. 
bound, the mould may be cast on the floor, or, if deep, simply placed in an 
open pit to dispense with staging from which to manipulate the ladles. Fig. 
141 is shown Isjund by side plates in thin manner; but, whilst we have east 
comparatively heavy weights in cant-iron by this plan, honestly we if" not 




Fro. 142. — Cope for Dynamite Pan 



recommend it, for, unless extremely careful work is followed, and a full 
recognition given to the pressures exerted on all, and especially the weakest. 
parU of the mould, a more or less serious run out or burst will follow. In 
any case, loam moulds for the reception of alloys, such as gun-metal or bronze, 
owing to higher density and greater fluidity, should always lie rammed in a 
pit in addition to externa! binding. 

After pouring (fig. 142), and on solidification of the casting, the book 
bolts are loosened, aud the top plate lifted off in order to allow of free 
contraction. After the casting has cooled, to admit of removal, it will part 
clean from the bottom, and, therefore, all that is necessary is to scrape out 
the burnt loam and skin the mould up again for another easting. The top 
part must, of course, be made up anew for each casting. As the bottom part 
is only skinned over, it may la' dried in position ; hence, if rammed 111 a pit, 
the sand need not be- disturbed, and one. ramming will serve a series of 
castings. In loam work it is always economy to save as much as possible ■ « T 
the building for I fie next casting ." mid. particularly in pan castings, the laittoiu 
part of the mould may in a sense be regarded as permanent for a run of 
castings. 

The two methods outlined only admit of tapering pans, that is, moiiM.-. 
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in which oither outside or inside may he lifted nwny in the top part, and, 
naturally, tlie method is inapplicable if the diameter of the pan is greater 
towards the centre. In such a ease the chief alteration in method lies in the 
fuel that all porta of the mould must he swept and a. special allowai 
for dosing the mould. The oore is therefore built iind swept entirely on the 
top ring plate, hut a Joint is provided across the diameter so that at a later 
stage the core may lie split into two parts. The bottom port is swept ae 
usual, hut n joint is made m-iuss the L'rcatest diameter, allowing this part of 
the mould to he lifted bodily away. Therefore, when ready for closing, the 
stages arc ;i- follows :-- The core is turned over into a cup, bolte unloosened, 
and separated at the joint. The top half of the core is lifted on the removable 





part of the bottom part of the mould, bolted to it, and then returned over the 
fairer put of the core, which is, in turn, again bolted to the top plate. Fig. 
143 shows the arrangemeiil at thin stage with the core ready for lowering into 

il>.' bottom pari 0( the i ild. Fig. 144 shows the complete mould ready for 

casting. Another method of binding the brick work is shown in tigs. 143 and 

1 l 1, .ii id is found in long dabburs cast round the outside of each building plate. 

hod is effective, and the only objection to it lies in the fact that the 

ire likely to break off when taking the mould to pieces or stacking 

tin- plates. 

The spindle has so tor heen considered as rotating in a central socket, but 
in lie- ca»e of tell moulds a lop support will he n*piir>'d in order to maintain 
the spindle in due position. In a Buiuewlmt rough and ready manner this is 




to maintain it in a vertical position. A much bettor plan is to use a horw 
permanently noltod on to ■ null or column, as in ti;.'. I Uf. 

A third type of loam tnoulilinj." is rejirewntoil liy sweeping, from u central 
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spindle, horizontal mnulrts if regular curvature, the commonest examples 
hein^r propeller blades mid solid propellers. If, for a moment, we imagine a 
sweep having freedom of movement in two directions; (1) around the axis of 
the Bpndle, and (2) vertical movement, then, if an external guide is placed on 
a Foundation plate, tlio surface swept by rotating the spindle will lie that 
imparted liy tin- guide. Vertical movorneut is obtained by efitinterbalanring 
the B trickle, as in fig. 146, the three sheaves there shown being a better 
arrangement than a single sheave at the top of the spindle. As a rule, only 
siuitll propellers, such as those for torpedo boats, are east complete, that is. 




148.— Counted win a n'd I'ulliy Lit Spindle. 

™*l«i and lions together. With linger ones the blades are east separately 
lr ">n the Uws. Taking a solid piM]>clliT, the various stages are as follows:— 
*> '"ircnlar bottom plate sufficiently rigid to carry the full weight of the 

tnouhl is levelled, a singl airse of brick built on, and a level lied 

*Utk off. In the centre, a lied for the hutloin of the Uvss is swept and the 
Arte stiffened. The boss pattern has a hole through the centre, in order to 
iliiii! i>( it- pawririg over the spindle. I''urther, as the greatest diameter is at 
Wt pentre, the boss is divided into segments serened together from the inside 
"' nider that the sere" lieads may !«• readily reaebed and the segments with- 
The Isms pattern is set in position, this and later setting out being 
■ patternmaker. Having centred the lioss, the nest step in 
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setting guides cm "gable Beats" tat the blades, Cable seats are wooden 
frames built to nit on the level bed first struck off, mid their top surfaces 
serve a« a guide for the strickle, thus giving one face of the blade. An 
outline is bricked up from each gable sunt In the boss, and the face finished 
oft' by rotating the sweep over the gable. The three or four blades, as the 
case may be, arc completed and stiffened. The next step lies in forming a 
guide for the thickness of the blade, and for this purpose a scries of wooden 
strips, each cut to l'1vi< u. section of the blade at varying points, are nailed in 
position. The spaces between these guides are tilled in with moulding sand, 
and carefully smoothed over to the required shape. In this way a sand 
pattern of each blade is formed. For the top part a plate similar to that 
used for the foundation may lie employed, each blade being lifted by means of 
a box grating bolted on to the top plate. In the same way a 1h>x part may- 
be used; but, from personal experience, wo find lmth plates and box parts 
clumsy and cumbersome. These features will lie realised by considering the 
huge si/.e of the top plate, or covering laix, in comparison with the relatively 
small area occupied by the blades. Hence, we prefer a separate covering for 
each blade, which, in the case of standard work, may take the form of a 
permanent grating, or, in work of varying pitch, may take the form of a 
series of loose saddle barn per- 
forated by square holes, as in fig. 
147, Any number of these bars 
can be readily fixed together by 
passing square liars through t tn ■ 
botes, and wedging eaeb one in 
position. 

The surface of the sand pattern 
is coated with loam, and the clay- 
washed saddle, bedded in position, 
_ is then built up with brick and 
147,—Siddle Bar. loam as usual. Each blade is so 

covered, and a separate covering 
part, made for the boss, which will contain runner and feeder. After stiffening, 
V grooves are cut for guides, and each covering part lifted off, lifting being 
effected by means of eye bolts in the two external bars of each saddle. The 
sand pattern is removed, and the mould finished, dried, and made ready for 
easting. Only two features call for note here. First, the usual setting for the 
boss core is found in prints placed on the pattern ; but if, for reasons of feeding, 
it should be desired to continue the boss, the core must lie lengthened to the 
same extent. The usual method of feeding is by means of round feeders placed 
directly on the boss, and kept open by means of feeding rods. The other 

point is in binding the saddles down. When the mould is c pletclv closed, 

B ring plate is laid over the top, and supported on stools carried from the 

bott plate. This ring is then cramped down to the bottom plate, nod the 

top of each saddle is wedged securely down from the under side of the rinc. 

The whole is then lifted into a pit, and rami I up as usual, l'rueticallv 

Speaking, B. single blade is moulded in the same way with the provision of a. 
Mood pattern for the head, although, in the majority of cases, when blades 
are made separately, full patterns are provided, and the mould is then made 
in dry sand. 

The profiler is a good example of a spindle and sweep working over ■ 
guide ; but, with certain types of castings, guides have to be used alotu Par 




e ^i»u.|ilo, assuming -tii^mml figure is required, then a mmden frame 

-iviui; an outline oi the top and bottom are set up and used u guides in 

"** tiding and strickliiii;, ami fur tin- finishing cuat straight edges a iv worked 
ov er the guides. I!\ th<> aid of thirkucssiiu:, cored eastings may lie produced, 
14 *"»*■!, with Suitable guides set in line with each other, practically :niv form uf 

OWrtang oq be made. Generally, however, it "ill lie found cheaper to make a 
"■k«-'l«:tun [liiii.'iii of the required outline. Tbia introduces the last aspeet of 
l ":ii<i nnmlding, namely, that in which the form of the mould is obtained frum 
'■'• it ion- or less culiiplele put turn. 

Loam moulding frum patterns is followed in many foundries, hut mure 

specially in marine, shops engaged on heavy work. From the description 

^' v *'n. it will have been noted that loam moulding implies no expensive 

ri s, and tlie required tackle can all be made on the open sand bed. 

P*Ooe, under certain conditions, it may be cheaper bo rid Fran 8 patten 

" l Iriam than to make boxes or tackle for a sand mould. Further, Win 
"Unild.s are, generally speaking, safe, though, naturally, the choice uf method 
W| U depend on the equipment of the Foundry, the type uf pattern, and the 

""iiui.t uf eastings required. 

A propeller boss may be taken as an example uf a complete pattern ; and 
"■ lirst step lies in laying an open and well-vented course of brick on a Mout 
''"Uiilatiuu plate. Two close courses are built on the top uf this, and B level 
"°d struck off. The pattern is bedded on, with the shaft euro in a v.-riical 
Petition, (bus placing the recesses tor the blade heads at the sidos of the 
iiiinilil. The I'linti.iiir uf tlii; put tern dei i minis a central joint : accordingly, the 
I'.itti'i'n I;, divided, but. if nut, the prints fur the blade beads are loose or are 
lu»80tied during the progress uf building. The pattern is then bricked up to 
the joint, a matter easier to do than to descril*. However, the face of the 
pattern is loamed over, and claywashed bricks are regularly pressed into the 
loam. Itegularity is essential, fur the end uf the brick must not press all the 

loaiu out, thus i ling into contact with the pattern, and yet it must he 

pressed sufficiently haul against the pattern to consolidate the loam and 
render it compact when dry. The external form of the building should !«■ 
- j'jui. . and carried well back from the pattern for the sake of stability. The 
latter is further increased by building rings, which should be bedded in every 
uses, Un reaching the joint, this iB made good, and, preferably, 
stiffened before further work. A coat of bluekuush ensures an effective part- 
ing, and un this a layer of loam is spread for the reception of the claywashed 
building ring. Lifters are east into the back uf this ring, in order that it may 
be bolted to the top plate. Building is continued with the intervention of 
building plates, as in the lower part, until the top of the pattern is reached. 
The whole top is then loamed over for the reception ur the top plate, which is 
provided With dabbers on its lower side, a central hole fur the shaft core, 
boles fur the hook bolts, runners, feeders, etc. The hook bulls connected with 
the lifters in the joint plate are cleared, and the top plate lowered over them 
and bedded on the loam. Washers over the bolte and nuts admit of a firm 
I US tion between the two plates. Other jMiiits calling for note are the fact 

■ i •liMi'iiing the 1'iiuijilete mould, the top part is lifted nil' us though 

it wen' a box and turned over t<> finish. Turning over is not an easy task, 

Otnpliahed by setting the top part, as lifted off, on battens onaj of 

the floor. Slings are securely passed over the snugs on one side only, and the 

crano brought into play. Practically, the battens are used as trunnions, and, 

top part reaching u vertical position, the crane is travelled forward 



fiENBBAL FOUNDRY PRACTICE 

until the plate depart* from the vertical, when it is lowered down and brought 

into .i linriwint.il! position with the fate of the mould uppermost. This is 
another example of an operation easier to do than to describe, and we should 
certainly not advise any one to attempt it without very careful thought, and, if 
possible, only after having actually witnessed the turning over of a loam top 
part. Having turned it over, the top part is finished and dried. As the 
joint will cut the Wade head cores, these are conveniently split across the 
diameter, one half being nailed in each half print. After closing, the mould 
must be securely bound, and firmly rammed in a pit. Naturally, such a 
uiu'iM could easily be made ill dry sand; but, apart from the eruditions 
already noted, a solid boss of this character made in loam offers exceptionally 
good resistance to the searching action of gun-metal, which represents the 
type of alloy used for the better quality of Kisses, (tiih-metal laws and 
manganese bronze blades represent the most costly type of propeller, whilst 
the cast-iron laiss and lilades represent the least exjiensive type as regards 
first cost. 

When working from skeleton patterns, the inside of the pattern is usually 
built up to serve as a core, from which external parts of the mould are formed. 
Largo-sized centrifugal pumps are made in loam by this plan, and, in such a 
case, the mould is practically composed of three main parts: (1) the central 
core carried on the foundation plate, ('2 and 3) the two drawbacks dd Rthtt 
aide of the core. Auxiliary parts are: drawbacks for brackets, covering 
plates for discharge pipe. Ilange, etc. However, a more simple case will give a 
clearer illustration of the methods followed. Assuming there is a skeleton 

pattern of the form shown in fig. 148, then the first requirement is a iMt 

plate bricked with one course, and stricklcd level. The centre of this plate 
should I* cored out to admit of bolting the core irons down. On the flat 
joint already formed, another course of brick is laid corresponding in outline 
to the flange of the pattern. The sides of this joint are tapered, Mid its 
surface stricklcd level. After stiffening, the pattern is set on this bed with a 
suitable core grating inside it. This grating must be of sufficient stability to 
support the core, an effect incroased by halting it to the bottom plate by 
means of hook bolts passed through the hole already mentioned. The core 
grating whilst rigid should, however, be considerably smaller than the casting, 
in order not to retard its contraction; for this is a type of core which cannot 
be reached in order to loosen it after casting. The inside of the pattern is 
built up with loam brick and loam, an ash centre being provided for venting. 
The outside of the core is brought Hush with the ribs of the pattern, and is 
then strickled down to a depth equal to the thickness of metal required in 
the casting. This ia made good by clay thickness strips, the whole surface 
being brought into even lines to form a good pattern, for the outside. After 
the core has stiffened, the outer portion of the mould is commenced. For thin, 
two drawback plates are required, which should tit against the raised joint of 
the core and butt against each other at the ends. In other words, each draw- 
back must carry one complete half of the outer part of the mould. The ends 
of each plate are provided with lifting snugs, over which slings may lie passed 
from a lifting beam. One drawback is completed first, and, for stability, 
building plates are laid every three courses. A glance at the pattern, fig. 14«. 
will show that the drawbacks have a considerable overhang from the drawback 
plate, therefore the building plates must )»• carried well back into the draw- 
back in order to preserve the balance. The building is carried about tbiw 
courses abovo the pattern, brought over to the centre, and a top plat* I 






on in line with the centre linn of the pattern Tin' Beanjd drawback is then 
hiiilt tiji against tin- first, and In the same height, (lit- two top plates butting 
ti ■v'ftd' '", except fur o|M.>mriga thfOUgh which runnels may if out later. 
Kvi-i v |tirt of tlie pattern is now covered, except the face of Hit' round flange 
mi tin? discharge pipe. This is coated with loam, and a flat drawback plate 
bedded on. The whole structure is thru stiflencd and made ready for parting, 
glide lines being marked across tlie top, widen, and bottom of drmvliacks. 
The drawbacks are lifted away by niran- of Wain ;md slm^s, the first step 
being to balance carefully, then to take the weight in the crane without actually 
lifting, and draw away until clear of the pattern. The drawback is then hoisted 
up and net "ii the stove carriage to huish. After removing the second draw- 
bii.-k, the core is ready lor attention. All the thickness strips are removed, 
am also the screws holding the skeleton pattern together. Each separate 
nieM ti the pattern is drawn out, and the space filled in with loam. Core and 

• Irawbacks are then thoroughly dried, after which, the faces are dressed over 
xvith sandpaper and the thickness tested. This is done by tucking small balls 

* if i lay nil over the core and then fitting the mould together. After opening 




Fig. 148.— Skeleton Pattern. 



out ii-iiio. each clay gives an index of the thickness in it« own locality, and, if 
thin, the core is dressed down with sandpiper, or, if too thick, the face is 
brought up by a coating of fine loam. In castings of this character, even 
thickness is an important point : hence the necessity for a careful test before 
doling the mould. Having attained the right thickness, the mould is black- 
Rmfaed, dried, and made ready for casting. After closing, the drawback plates 
turn 1' emmped together by their lift inn snugs, and the mould Imund down 
lir.rn flu- bottom plate. The pit should be firmly rammed, and the drawback 
plate over the Bangs wedged from the sides of the pit as the ramming pro- 
gnrjMfc Such ;i casting is usually run directly from the top ; hence, before 
closing, Hat gates are cut through, and, after closing, a runner head made up 
over them. 

One objection often raised to loam moulding from patterns is that the 

patterns are burnt when stiffening up the moulds, but this need not occur. 

Aetually, the mould only requires stiffening, not drying, and this is easily 

effected without damage to the pattern. Drying is effected after parting the 

■ iid removing the pattern. 

In this survey of loam moulding, many aspects have necessarily been 
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omitted, but, in the space available, we have attempted to outline the va 
methods followed. Finally, it may be noted that any loam mould, De **~^§ 
practically a brick structure, should be built somewhat on the lines follov*^" 
in ordinary bricklaying. One of the greatest aids to stability is found , 

breaking the joints, the second in ties. The latter, in the case of a loam moi~*--*~ . 
are represented by building rings or plates, and, although not essential 
every case, a good practical rule is a building ring every three courses. J-^ - ^? 
it be noted that building rings in the case of internal cores should be sp^- ^^ 
and so laid that they can be forced together by the contracting casti ~~ 
External stability has been discussed, and it is always advisable not to pi 
too much reliance on pit ramming, but to regard it as an adjunct to ot 
forms of binding. Loam brick should be plentifully used in pockets, un 
flanges or other parts where contraction is most forcibly felt. Loam bric^ 
are also a valuable aid to venting. Generally the latter is effected throuL 
the joints of the hard brick, and is assisted whenever possible by ashes. Ve 
are led away, as in sand moulding, and vent pipes must be connected to 
vents below the floor level. 





CHAPTER XIX. 



CHILL CASTING. 

ibrali.v speaking, chills are used in conjunction witli sand or loam moulds, 
it is only in very exceptional eases that mi entirely metallic mould is 

1. Such eases arc common to tin.- more fusible metals, as, fur example, 

Vs rich in t in or /.iiii-, and the eastings made include various types of 

tons, ornaments, and statuettes. In easting objects such us the la.-t 

limned, the chill mould is filled with molten alloy, mid, on aoljdincatitm oi 

skin, the iniiiilil is inverted, thereby draining mil the inside iimi producing 

■U. it Bomewhtt akin to coring. The castings are subsequently bronzed, 

, as often as not, enter the market at, " Antique Bronae." Such processes. 

1st OJ interest, hardly come within the scope of the general founder, who 

Dtjaai chilling not because he wants a permanent mould so much as to 

ain one or other of the following conditions: — 

(A) An equalisation of the rate of cooling in castings of varying section. 

(H) To eliminate sand cores. 

(Cj To obtain from one grade of metal two distinct grades in the Casting. 

A and II are applicable, to any metal or alloy which does not heroine 
hilled " by contact with a metallic surface, whilst C is limited Ui varieties 

'-;i-l iron which possess the property of chilling, that is, of becoming 
■"'lencd to a greater or less depth by contact with u metallic surface. 

The majority of writers regard chill moulds solely from the point of 
Slicing hard surfaces; but there is a grouiug tendency to use chills with 
Tiy alloys and metals, the hardness of which is not affected, and in this 
'wtiou much greater developments are to ho expected. Generally speaking, 
J' casting of unequal section tends to contract at different rates during 
'ling. Thus, that portion of the casting which is most rapidly cooled 
'Tiplctes its contraction first, and it may be that a heavier portion with a 
1 i.v'.|iienl.ly slower fall in temperature is contracting after contraction has 
tM in fas lighter portion. This condition of things results in stresses in 
■■- which are greater as the differences in thickness of section aro 
■re pronounced. For the moment, liquid shrinkage and solid contraction 
*y tie regarded as simple contraction only, and, further, it may be assumed 
«»t eastings in falling to the air temperature contract towards their own 
litres. The latter is based on the assumption of a casting of equal section ; 
H, obviously, in a casting of the form nhown in fig. 149, two different centres 

contraction will be formed. The light portion will cool rapidly, but the 
*ssive part will cool slowly, and in this way the complete casting will behave 
lfi9 




/"' 

as though it consisted uf two distinct parte. The naVural remit is thai f-' ,, 
contraction of the light part is directed towards its centre A, whilst ibii ' | 
the heavy part is directed towards its centre 1!. Ilcnec, in both poriictt <ff 

tin.' ('Fisting tlii' ii ret ill is drawing awiiv From the junction of the Imivi ;iiii* 
light parts. This is often sufficient to develop a fracture idling the juration '■ 
but, even il this effect is Dot produced,* 
serious plane of weakness inevitably follows, 
Whilst thin is bad with regard to itreugth, 
it is also equally had as to eoondnaM ; 
and it can I"' taken, u a general rule, tied 
a mechanically weak area developed iti (his 
manner i.- also poraue end open bo admit 
die penniflfi of water or steam. 

Ideal conditions arc found in rinatrrnp 
of equal section; but, unfortunately, in 
foundry work ideals hire the exception and not the rule. Therefore, an 
effort must be made to obtain in eastings of unequal section as nearly an 
e<[U;d rale of cooling as in possible under the conditions. This involves 
hastening (ir retarding the cixihug of certain parts of the easting, and, in the 
ease under discussion, this may lie effected by the application of a chill to 
the heavy part. Thus, if the lower surface of the heavy part of Hie mould for 
fig. 149 is formed by a block of cast-iron, the light put being formed of sand 
its usual, then, on easting, the metal block or chill will rapidly alisir.nr li.-ni 
from the heavy part of the casting, thereby hastening its cooling nnd tending 
to bring the rate more nearly to that of the light part. The more equal is 
the rate of cooling the nearer do the centres of contraction A and U draw to 
each other; and if the rate is equal throughout the casting, the two centres 
merge into one; thereby neutralising the opposing forces which resulted m 
the development uf a plane of weakness along the junction. 

The heavier the chills employed the more rapid the attraction of heat ; 
but even comparatively light chills may lie used in certain cases, in order to 
achieve the object of equalising the rate of cooling. Many intricate — " *JTIgJ1 
met with in malleable iron moulding can be saved from distortion or rupture 
by bedding a piece of plate, j-inch in thickness, against the thicker parts of the 
patten when ra aiming up the mould. As the white iron used for niaflewbln 
castings passes through a pasty stage of great weakness between its liquid and 

its solid state, a thin part of a casting comes to its strength so much i ■ 

quickly than a thick |Mi-t, that the former sometimes actually pulls the latter 
asunder ; ami the skilful use of chills in the mould, by bringing IBB l»" part-, 
I." their strength about the same time, has umrn times enabled an order to be 
fulfilled when it would have been irorse than impolitic to have pointed out or 
attempted to alter faults in design. Concerning the use of chills for these 
purposes, it should lw noted that their surface* must be fme from rusi and 
evenly coated with plumbago. The latter may lie ruliln.il on dry, or the 
plumbago may be mixed in water and painted on, the chill being dried before 
use. Aa the moisture of a green sand mould tends to condense on the i lulls, 
such moulds should not l>e closed until ready For casting. 

Chills are bedded against the pattern, and rammed up with the mould. In 
the case of plane surfaces. Hat pieces .>f iron of smooth surface » ill answer, 
hut curved surfaces require chills specially made t<- tit the curvature. An 
example is given in tig 150 ; in this case the chills are rammed up with the 
cores, and secured by the rods cast in the bock oE the chill being earned mU 



' ill. bod] of the core. Thia example illustrates a ready n 
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difficulty c 
small intricate types common to motors. The doulili' thickness, :uir], therefore, 

of cooling, is provided for 
by the introduction into the fore of a ■^^^^ ■ ■ ^^^^^ 

(.■hill with the object of obtaining » /f ^\, /^ 

rate of cooling iriore nearly approach if ' ■■■' : '^^V^v,*, ■ > . \\ 

mi j 1 1,:.] i. f i !"■ body of the easting, d ■ ""■] i .' r~ ~ ' \\ 

Complete eliillH used as cores nun H . ^A J , L~~— ^_ '' . j J 

hiivi- oa mi object the purpose of ■. \ ^^ ~--. ■ / 

. ii'.n) i lie heat from a maw "^v x 

of metal, or simply that of replaeini: "^ft^s^ 5 ^ 

sand cores. The hitter is of limited 
.implication Only, but baa none the Flc;. 150. — Internal Chills iu Cylinder. 

■ ■ ii.iin advantages. A common 
example occurs in a tire grate for n register front, tig. I;il ; where the print A 
i- . i. -u-i'il t,i jrjvo tivi i round holm through the hsit of the grate for 
snbaequent bolting on to the stove front. Such a core is more conveniently 
f.it-iiii.l of metal, in that it is permanent, answers equally as well as sand, 
;md is therefore a time saver. The chill cores are readily removed from 
ili.' amtingB, mid for further use only require rubbing over with plumbago, 
tfl curtain eases wheel centres may l* cored out by metallic cores. True 
EmIm hv thus obtained, into which a shaft or axle may he titled without 
boring out the hole. The authors have for this purpose used round steel, 
.-Ut In I In' ili'viri'd |i-n;_'tli. and coated with plumbago, t'ertaiu patent cos I ire: 
OampOSJtbmi an' mi the market, and. whilst- good, have not in our hands 
yieldi'd better results than are 
to he obtained from plumbago 
coating. Turned cast-iron cores 
may lie used with aqua] advan 
tage, and, urreapaotin of the 
metal used, muoh battel results 
are obtained if a alight taper can 
be given, hi any case, metallic 
lutes. when completely sur- 
rounded by uiebd, should in' 
removed from the easting im- 

meilialeh after solidification. 

The freedom ofa el lil 1 from rust 
has been emphasised : it may Iks 
further imled that, in gating any mould containing a chill, the gate should lie 
-..cut as not to impinge directly on the chill. Further, the weight of the chill 
-l.uitld he such that it will not be melted by the casting ; and, finally, when 
■ i nm i hills as cores, it should he reiue ml aired that repeated reheating 
.if cast in. u results ui an expansion or increase of volume. This only becomes 
[\1 when very exact sizes are required ; hence, a cast-iron core for a 
■- h.il i .nire should, after using for some time, be calipcred, and the increase, 
if auy, in diameter turned off. 

A further example of the use of metallic cores is found in using screws to give 
;in internal thread in brass castings. Before use, the screw is preferably coated 
irith oil, am! sprinkled with parting .-and. Snnuwhat rough, but still effective 
threads, arc obtained by this plan, and the method is useful in cases of emergency. 
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Tin- tibost familiar use of dulls is r>>iincl in tlie pnidiii'lion of ehillrii CUt 

run, (fhich repn-sents ■■iintiiiirh having a comparatively soft jri'i'V centre and an 

extremely hard exterior. The effect of chilling on the fracture is shown in 

ig. 152. The bottom part was east against a chill, the sides against sauil, 

mil the top was open to the air. The bottom ihowi obuaotenstu hard white 

run fracture passing gradually into soft grey. In a later chapter it is shown 

hat the hardness of a cast-iron is determined by tho condition of the carUiii 

present ; and reference to this chapter "ill shir* that white 

MMi^B irons which are extremely haul contain the greater part of 

B the carbon in the combined form ; whilst, on the other hand, 

■ a soft grey iron contains the greater pact of the carbon in 

1 llii- [roe form as graphite. Therefore, the relation of com- 

1 biaed to free oarboB determines in a largo measure the 

1 efaanoteS til a east-iron . anil, nhvinusly, if in one Casting 

1 this relationship can lie varied, » ubiuatiim uf pm] jerries 

1 can be secured, and, with what are known as "chilling irons." 

Hfl the quicker the rate of cooling the whiter is the iron or the 

i deeper the chill. Therefore, by producing conditions in 

which external faow c"ol rapidly, and internal pari- 

' slowly, the tendency is to produce on tho surface a white 

iron and in the centre a grey one. Tho advantages of 

Via. 163.— Chill T.'sL such combination lie in the fact of obtaining an extreme!) 

K recti- re hanl wearing surface, the hrittleoOBi of which is to MUC 

extent minimised by the softer backing. Dies, for instance, 

iave a ilead hard face modified by a backing of grey iron, which gives a 

preatet working life to the die. Car-wheels are. chilled on the tread, which 

jives a hard wearing surface ; similarly, certain parts of grinding or crushing 

imchines, rolls for rolling mills, etc., are externally chilled in order moraaueoBX 

ully to resist wear by abrasion. It is worthy of note here that certain grades 

if pig-iron jfivr » deeper chill than others, the depth Is'ing also influenced by 

he thickness and temperature of the metallic chill and by the temperature of 

he mol ten metal. The live analyses ^iven in the following table are of interest, 

end should lie studied again after reading the chapter on cast-iron. The fin) 

Composition of Chilling Cast Ikons a.vd Chilled Holus. 






l 


2 


3 


4 


5 

1-lfl 
2 00 
1-00 
0-42 
0-19 
0-64 


Combined carbon, 
Graphitic earbun, - 
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mil second arc from chill samples tbut were taken at widely different dates., 
uid that each gave aliout jf-incli chill. The third is from a sample of pig 
told for chilled roll making. The fourth and fifth are from chilled rolls 
vluch were reported to have done good work, and the fifth had about a 
-inch chill. 

The example given in fig. 149 of a chill used for equalising the rate of 

















%r? * ) } ■ 



CHILL CASTING 

cooling may be also used as an illustration of the making of a die with one 
<--lu I],,) Eaoe. The face of this chill in cut out to give the required contour to 
tho casting, that is, headed or fluted according to the diameter of tin- die. A 
Pattern in bedded on the chill, and the mould formed, the chill remaining in 
Position on removing the. pattern. The method is shown in fig. 1.53, which is 
crated, ius shown, in order that the metal shall not have a clear drop on U» the 
""J'fueenf theeliill. A feeding 
li«.-;>. i is placed, as shown ; and 
if the die is at all massive, 
ttftiA heed should lw fed with 
■-od. 

Circular castings, such as 
***koeU, which are chilled on 
fc l»o tread, arc moulded in a 
^hree-purt box, the middle part 
•oi-ining the chill. In repeat 
work, this mid-part is turned 
*** fuze, and fitted with pins 
ar >tl snugs corresponding to the 
^°P and bottom parte of the 
The arrangement shown 
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Fig. 163.— Dip Mould with One Face Chill 
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fig. 154 gives 






. of the plat 



Wheels of this character are largely made in tlie United States, and many 
"'Undries have socialised exclusively in them. I'nder such conditions, large 
*">tp u ts are the natural order of things, hut a description of the particular 
""■Hinds followed hardly comes within the scope of this work. However, one 
° r two points may be noted :— The wheels are removed from the moulds at a 
' ,L| 1 Kent, and placed directly into annealing ovens or annealing pits, in order to 
'-•J'tjiin a slow rate of cooling, and thereby to minimise Contraction stresses in 
*'"• Central or unchilled portions. In addition to the usual mechanical tests, 






Flo. 154.— Wheel with Chill Tread. 

■ Ii'-r wiii. .Is have to pass a thermal test. This consists in surrounding the 
nhiUsd tread with a hand of molten metal I.', inch in thickness, and many 

nilwKJ companies specify that Haiti percentage ef lie wheels ordered shall 

nly pass this lest. 
In Hrilish piai-iire chilled rolls form an important class of chilled euat- 
in A chilled roll differs from a grain roll in that the wearing surface is 
chilled ; hence, the mould is a composite one of sand or loam and metal. The 
,,. l .illie portion consists of a cylinder, or series of cylinders, 1 wired out to Bize, 
VMM the neck and coupling are moulded ill sand or loam. Fig. 15") gives 

,ni Idea of the arrangement usually adopted. These eastings are gated from 
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tlit bottom, .-mil, m the. moulds ue na -d op inside a pit or curbing, the 

down gate is taken outside the mould, the ingate being oul horiaontally, 

but at ft tangent hi tl \is of tin coupline.. This nives the fluid metal a 

rotary motion around the axis of the roll, thereby tending 1" MDBeutHte :>!iv 
sullage in the centre, and so assist in thi> production of a clean hoe. The 
surface of the chill ia eouted with plumbago, uud special MM must be taken 
to prevent tlii- >'->iid<<iiviti<>n uf watery vapour. For this reason the chill is 

_ _ _ 1 mm I'd. .11 ii I. immediately lief ore easting. 

•' il should lie uncomfortably warm to the 

himd. The thickness of the chill should 

!»' sufficient I,, resist cracking by ei- 

£ panaion on the one timid, and, on the 

■ ". nJher, In conduct the heat away rapidly 

R from the easting, in order to give the 

H required depth of chill, while the area 

i B&Ksg of its metallic cross-section should he 

ii least equal to the area of the cross. 

&] section of the hot metal in contact with 

| it- The feeding head of a chill roll 

is formed hy a con tin nation of the 

coupling ; and all rolls, chill, or grain 

should be well fed by feeding rods, 

frequent supplies of "hot fluid metal 

being lidded at necessary intervals. In 

this sketch details of moulding have 

been omitted, since these details have 

already t**.en covered under other forma. 

It may. however, lie noted that the complete mould, when placed in the 

pit for casting, should, in the first place, give n good bearing for the chill; 

the golden rule of " iron to iron " must lie followed. The gates are formed in 

cores, and the whole securely hound and rammed in order to withstand the 

strain of casting. Naturally, the couplings must lie absolutely central with 

the chill. F. Gorman of Pittaburg baa patented ■ method, the object of 

which is to maintain the roll centrally within the chill during BoUdifioatWII 

and cooling, so that all points may be equidistant from the face of the chill. 

This is achieved by the projecting collars of sand, shown in fig, 156. It is 
claimi'd that the thin ring! of metal so formed cool quickly, and retain their 
cylindrical form, thus serving as a guide for the roll during its soltdinoatioo 
and cooling. When turning the casting;, these i-jiilis are cut off, and the chilled 
face minced to the proper length. Another [latent by Gomiaa lias us m 
object tin increase in the working life of the chills, and is attained hy hfl,l ing 
renewable linen, aa illustrated in nx. 1B7, 

Finally, chilling must always be regarded from the attitude Outlined In 
opening this chapter ; and, although genuinely chilled castings form « disijuil 
proportion of the total castingH produced, yet the application of chills to 

certain types of u Ids without pii-ducing a html surface, as, for example, in 

steel, brass, and non-chilling oast-irons, forms a field capable of great extension, 
q'his |ilan will in many cases cut down wasters due In porosity or contraction 
stresses, and we have often found it the only solution when met with difficulties 
in tin* way of hopelessly designed castings. 

It has la-en stilted that complete metallic moulds hardly 00 within 

general founding; however, sa examples of time savers, metallic moulds (or 
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CHILL CASTING 

■ I ewe irons maybe quoted. Chill moulds for these purposes are 
rwidily made, and are practically permanent. Hash weights may be alao made 



entirely inohilfa; and the 




■tinuously used, arc wa tor cooled liy having 
wroiighUrou pipes cast inside, through 
which omlina water is circulated. 

Ingots hardly come within chill 
moulding ; but, none the less, a series of 
ingot moulds is of serviee in both i 
and brass foundries. Special ire 
tn res are often passed through the cupola, 
and cast into pigs lieforo melting for the 
production of it easting. Usually the 
pig moulds are formed by drawing a 
band ladle over a bed of dry sand, thus 
forming a rough open channel. A neat 
and effective ingot mould is shown in 
fig. 158, and a series of these may he set 
on a gantry, and used for the production 
of clean pigs. 

A similar method is followed in 
brasa foundries, with the addition that 
every drop of spare metal should he 
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^virod into an ingot mould and not 
_' '. rihHie value Or brass renders this 
' "^turally, if the brass i* melted in 
**-»TiUvely small sine. (Jciierally, 

us used stand in a row 

u * i »«j to the f urnaces, and the mould 
"* '*l its contents have to be turned 
''""iniletelv over by hand to eject 
'*"■ ingots, A scries of moulds 
* ll »iiliir to, but smaller than, fig. 

v. bj the addition of a socket to the bottom, he set 

1 girder is Sled m such a position that on throwing over tin uUl il arrests 

4t hill .it n poinl where the ingot will readily fall out. We have Found 
■in nruiogeiiient of this kind effective and serviceable. 
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CASTING ON TO OTHER METALS. BURNING. 

It baa been shown in Chapter XIX. that, by the use of it composite mould 
metal and wind, two grades of metal are obtained in one casting. This practi * 
is limited to certain grides of cast-iron, since neithi'v steels nor brasses "onjUP 
in the same sense as does cant-iron. In many wises i-niujMisite cast ini_'- i * 
required, and, though it is usual to make the castings separately, and be? 
them together, still, to a certain extent, two entirely distinct metals can I 1 
united in one mould. A ooraaon example is that of a cast-iron wheel, tl* 
spokes of which are formed of steel. In making sneh a wheel the full mouT* 
is made, and the steel arms laid in position, the ends projecting into boss an' 
rim respectively. On closing the mould it is evident that boss and rim nX* 1 
isolated from each other, and practically form two separate castings ; hence 
they arc separately poured. It may lie advisable to pour the two al distinct 
intervals, in order that the contraction of uuc shall be complete before thai 
of the other commences. Other common examples are found in railings, gates. 
and liedsteiid work, which represent wrought-iron rods or tubes Ixamil t-"ir* -tlii-v 
and decorated by cast-iron oniameuts. Obviously, the moulds in these BBI 
may ho comparatively large, whilst the actual castings are small. 

It st be remembered that in all cases in whicb steel or wrought-iron k 

cast into other metals, no actual fusion of the two metals occurs : hence, tin' 
resulting grip is solely due to the contraction of the surrounding metal. r\>r 
this reason, it is advisable to flatten, taper, or indent any projecting beads 
which have to be surrounded by molten metal. Thus, in stove-grate moulding, 
screws and staples are east into the hack of register fronts and the Sin, 
whilst hooks are east into ranges. The object of easting in is to save subse- 
quent fitting ; anil, in order to make the screws hold, their beads are flattened, 
thus obtaining a wedge form, as shown in lig. 159, the same Form being also 
given to the staple and hook. Screws and staples are simply packed in the 
top part, leaving the head projecting to the necessary depth. Positions are 
marked on the back of tin- pattern by a small boss, in the centre of which a 
screw head is placed to serve as a print for the screw. Hooks are placed in 
position by means of a cure print, whicb is the full length of the head of the 
hook; sand is then tilled in, and only the head left projecting. These eases 
of composite castings simply represent an effort to save fitting, and herein lies 
the chief reason for casting iron or steel into cast-iron. Another example is 
found in heavy weights which have lifting eyes cast in, instead of benu 
drilled and tapped in. Here, again, a good taper on the head buried in the 
casting must lie allowed, and the licnt over form shown in lig. ISO il often 
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CASTING OK TO OTHER METALS. 

"•opted. An alternative form of lifting eye, which is easily made, is shuwii 
1,1 mm same Bgura, Quite apart fir taper or Bpeeasl bands, the rougher the 

****>MM the better the L'rip ol the surrounding metal; ant, as with chills, 

Un.>s*.- surfaces should lie clean, free from 

r,,st . tod planed in the mould under eoii- 

■utlnaa in which water will not condense 

"" them. Unlike chills, the surface must 

""t be protec t ed by plumbago or other 

•instance used for n similar purpose. 

ffmoghfrteon pipes are sometimes 
r^l'iired to be cant in a block of east- 
lr °»i, and, in such cases, if the pipe is 

^'iiifilit, it id treated as a. core, that is, Fie. 159.— Screw, Staple, and Hook. 
Il "i in prints and chaplettal down along 

" " !■ agth. In order that it shall retain its shape when surrounded by fluid 

^"'•til, (be interior of the tut* may bo rammed with sand, vented, and dried, 

.•"imply tilled until parting sand. The latter is preferable in the case of 

return pipes, as the parting sand is 

more readily removed when trimming 

the Baating. Iteturn pipes, sueh as 

are cast in steam heating plates, 

present- various difficulties when cast 

on the flat. These are chiefly due to 

unsoundness along the top of the pipe 

and to the difficulty of retaining the 

pipe in its exact position. Reference 

to fig. 161 will show that if made on 

Fik. I(i0. — Lifting Eyos. the flat with the two ends supported 

in prints, there will lie a very mil- 

" ! '!:<l.|f upward lift at the U-hend. Even if the bearing in the prints is 

ll "*"!ntely rigid, the pipe, when heated by fluid metal, Women flexible, and 

■•fl readily bend upwards by the pressure. Therefore, along the length of 

r '"li leg, and particularly at the 

bend the pipe would require firmly 

i. by means of ehaplets, 

■ mutter of wime little difficulty. 

Cbapleti may be dispensed with, || 

IDS nil risk of unsoundness elim- jj 

tatted by making tho mould to east i* 

OB i'ihI, u in tig. 161. In this case ;-|j 

tin- top ni the mould is formed by .;>;'§ 

a Inain plate, and tho pipe is held %| 

firmly in position by a nut on either ' v 

■ :'(■■ of the plate. The lower nuts , :i."rV- v - 

«IB oovered over, and the surface ^jfr&ft^' ."'■ 

od after tightening the pipe * — a 
in position. A green bottom part Flo, 16 

* ill answer in most eases ; but, 
when the depth exceeds - Feet, the bottom part slio 
.tinnnale any risk of Bwelling. 

i nlni examples of casting steel in cast- 
■Iiuii -. and the like ; and ' 



found in parts for printing 
the majority "f Chose eases ■hasted lake, the 
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form oF rods cut to length and inserted with a view to act as journals, 
rule, imil provided ordinary i;iii' is exorcised, the rusting of steel piece* _ 3 " 
cast-iron, such as is indicated ill the foregoing, and M found in the inohuat i * ""' 
of steel pole pieces in oast-iron field frames, etc., offers no difficulty that can**'* 1 " 
readily he overcome. Such is not the case with mating bran liners * :> " 
shafts and plunger rods. Here difficulties arise, due to porosity in the hnEa-***> 
which, as a rule, only shows when the liner reunites the machine shop and J»«* il 
had ite outer skin removed. Why this difficulty should arise is hard to a^y I 
none the less, the difficulty is there, and, as this is an important class of w*=»*~* 
in many brass foundries, has "I" necessity to be overcome. Various " fako** 
are practised, and the authors liave sja'iil niueli valuable time in testing tl»*^" B " 
without obtaining any results of special value. These treasured and closeil^" 
guarded fakes apply in different eases to (1) treating the shaft, (2) prepari***-' 
and method of gating the mould, and (.1) the composition of the bra*-^ 6 * 
Whilst it is well known that certain alloys will run round an iron shaft, ami ■£ » ~ V,J 
a more solid liner than others, this is useless in view of the fact that fc** 1 ' 
composition of the liner is usually specified, the founder therefore having *""' 
choice. The authors' records for a nuiulier of years show that in n variety ' '.' 
eases, varying from small spindles up to large tail shafts, composition in - : '' 
per cent, of the shafts lined WM specified by the pun-baser or engineer in BOB »**?'' 
of the work. Where a range of composition is permitted, a gun-metal * 
approximately 5 per cent, tin and 8 per cent, sine, touched with alumina * ■ *" 
just Itefore easting, will give us good results an any alloy applicable to lini* 3 ?' 
softer brasses lieing useless for liners. The alloy most commonly spec'ilic 1 '" 
that known as Admiralty gun-metal, which, containing 10 per cent, tin *» * " 
2 per cent, zinc, is considerably harder than the foregoing. 

So far as moulding fakes go, the authors have found them to savour < ifaj ■ ' " 
of the nature of bids, and their experience is that the more simple and di*""*^" 
the procedure the better the result. Directness lies in recognising the si.;"- 1 ' 
for the time being, as a core which is non-porous and will expand , 

the lining contracts. Whether such a core gives off' gas at the temperature *' 
castim; is a question ; but it- is certain that ii any gases are evolved thej n • "" 
pass along with those of the mould through the mould itself. These condil'i*-' 1 " 
are the reverse of those existing in an ordinary core. As the lining oontm*^"? 
the shaft expands : the latter should, therefore, lie expanded as mneh as possti**^ 
before inserting it in the mould. This is effected by heating it to a dull "7" 
heat ; in other words, to a temperature at which the shaft will not bend by. ' 
own weight when handled. In a green mould the best conditions for git* ,, '~ 
away the air are found in having the shaft on end, which, under ordn» : **- 
conditious of equipment, limits (he process to what are in reality little u'*'[ 
than spindles. Should a heavy shaft be lined mi the flat, the prints, aspect**'' - 
with a green mould, should be packed with metal to make an uuyioUl |l V. 
support for the shaft. However, when cast on the flat, a dry sand moul*' ' 
preferable, and the following procedure is the lu'st the authors have **' 
experienced : — , 

A pattern, as in fig. 162, is desirable, the prints of which should b* j* 
sufficient length to pass through each end of the ilding-box, These pri * 

may be packed up by ans of distance pieces from the bars of tin 

a better arrangement is to have stools at either end of the box, and use tlic'" 
for the double purpose of supporting the shaft and binding d down I' 1 " 
arrangement involves the use of a bottom plate projecting beyond the ends »' 
the box. The bottom part and bottom plate are Iwlted together, and the V**> 
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la not to tho projecting prints, and firmly bolted in position. The 

'"ould is completed mid ^uted t'rm.i either end l>y uii'iuis nf plump gates, 

■ ■_■ placed along the centre of the top. After thoroughly drying, the 

an part and plate are set on a level bed, the shaft fitted in anil thicfaiew 

rl by means of clay strips : and, if the stools 1i«vu been correctly Mt, this 



Flo. 162.— Liner Patte: 



' Hiffttinm should lie tmifomi. The shaft is then heated to what is teebrdeajl] 
no»n as "ii blear red heat " ; and with the usual Foundry equipment lliis ean 

nh In' i.'Hi'nti'd by ImililiiiL' a tire around it, extending to the length of the 
1 1 iiti'_' i 'ii attaining this temperature the shaft is dung, eieaned by brushing 
fF any adhering soot, etc., and returned to the mould, the latter lieing then 




^ 



'■''•wi.il and iniide read; tor casting, A top half stool placed over eaeh bottom 
''•■Ii and bolted to the bottom plate give.* an elloctive binding for holding I In 
"'»"(( down. The final armngement is shown in lig. 163, which give* ■ Long) 

Rutins] wcti f the completed mould. A section through the gxtM is 

jbown in tig. 164, and through the stools in lig. 160. A- already stat'-d, thin 

ili>"! the atitbora Ijave experienced, and, an a rule, givi 

wholes ure found 
■''"'i.l.' lie- top aide of tin- liner, thoi 
'"'" Sued in by "burning." A 

"""bml.dy tlnik liner may I"' east 

"" in two portiona, the lirst coating 
;""''■- half the dnaiml thickness. 
l! »i„ ioubJw the work, involves the 
on ol two moulds, and n 
^"r-in-h cleaning ol the lirsl liner. 
''■ object i-, however, found in the 
*J« that the aeoaid liner ■ ffectnally 
Sl,ls in anv bad pane* ou the lit-st. Thin idea in, however, not alw&j 
idouhtedly, the beat practice ia found m carting the linora eepawtely, boring 
''"■'". .ni to a tight tit on the shaft, .in to which they lire sulm-piently shrunk. 
'■'"i-rsupto 30 feet in length are •■■ treated ; ami the junction "f two liner,, ,. 
■ I propellas shaft, is snt-scpientlv " buriiMl in the foundry. 

Barning i» followed in [<i ..!■-.- . iricty ol rrsi nn . im ludll! ■ 

''"■ el.lnen.tion of defect* in castings or repairing broken orn anil joining 




GRNEKAL FOUtJPuY PFACTJCK 

separate pieces together. The principle of hunting lies in flowing molten ni€-' 
over the parts to lie joined until they have fused together. This is oliectei I 
moulding a channel over tlii' junction into which hut metal may lie pour* 
whilst jin i mill' t is provided fur tin- surplus metal. The mould for a burn m* 
he either open or hosed, according to whether the upper surface is linri/ni 1 
or otherwise. Amongst the points to lw noted in burning are, the surf*** 
should he perfectly clean ; the metal or alloy used should in moat eases be* 
the saiueconi]Kjsition us the noting, and in every case must la- hot and IU ■ 
In moulding, 11 sufficient head of metal should be left in order to chip out- 
the contour of the canting, lint the smaller this head the liettor the res* 
Sufficient metal must l>c run through the burn in order to effect a fusion ; t 
here, again, no good result* by passing this limit. 

Sheet brass way be readily burnt in the brass foundry, its, for exara^ 
in the case of a plain register front. Such fronts arc fixed to a cast-iron t»' 
and thus, when in jxaition, give the appearance of a solid brass front, '%^ 
sin-! brass is cut to shape, and in three pieces, a cross piece and two legs. 
(hi- brass foundry these three pieces are laid OH a level sand bed, and the 1 — - 
set in line with the top piece by means of a straight edge. A piece of wo*- - 
about 1-inch wide, is laid across the joint, and sand packed up to about 1 u ' 
in height, and, on withdrawing the wood, an open channel remains across *^ 
joint of the two pieces. One end of this channel is cut down to half an inch* 
height, ami an open runner made from it to a small pig bed on a lower lev " 
On flowing brass through this channel, the surplus is taken away by the c~* 
out end, and in the course of a few moments the sheet brass will have fits* 
If left at this stage to solidify, the two pieces will, when cold, be effective 
joined. Whilst pouring, the [tot must bo travelled up and down the chann» 
and the stream of metal should be so manipulated as to strike the joint s-^ 
not splutter over the sand. This involves a |«>t having a clean lip. The p * 
jectmg lumps are ground or tiled off, and the burnt joint will lw found to 
stronger than a brazed joint ; and. if the composition of the bunting metal 
similar to the sheet metal, the colour will be uniform throughout, a point 

s c importance in all artistic work. TIub principle is applied to any bn.3 

casting which, owing to its intricacy, cannot t» moulded in one piece. T 
pattern is made in segments, which, after casting, are titled together and th 
burned. Intricate ornamental figures are. often made up in this way. 

A box bum is essentially the same as an open one, except that the chain 
is covered over and a runner and flow-off provided. The latter must in eve* 
ease ci inn- nff :it ;]. higher level than the casting, but also at a lower otic 1 1 ■ - 
tic runner. An example of burning an irregular surface is found in the e* 
of a cast-iron fender curb. These curbs are made to standard sizes ; and, wh 
an odd size is rep li rod, it may be obtained by cutting the centre from a largj 
one, and burning the two halves. These halves are levelled off on a sand U 
face side down, and, about the locality of the burn, sand is packed up level \tm 
the outer edges and a joint made. A small top part is placed on this joi» 
and centred to the part to be burned. A wedge-shaped runner is placed D-f 
the junction of the two pieces, and the box rammed up, a lifter being placr 
in the centre to insure a clean parting. On lifting off, a line will indict* 
the junction of the two parts i>f the curb : a channel J-ineh wide bv ! in ■ 
deep is cut along this line. This channel is continued to a hole in I 
the box, and serves as a flow-off. Reference to fig. 166 will show a sectiC 
of the burn ready for pouring. It will be seen that the box, when returne* 
leaves a channel directly over the junction of the halves, and, on pouring matt 
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.er, it will flow down One Bide and up tin? other, passing away by 

' " flow-off into a stnn.ll ]>ig hod. The two foregoing examples ait given to 

'"'I'-'.i'nu an open and a box burn ; and, quit* apart From the [■articular cues 

I,- general applicability of toe method will be noted. Ii must, 

"'*>'v.t, I bserved that both eases represent the simplest assets of burning, 

that the articles burned are perfectly free In expand when hatted by 
the flowing metal, and equally Eree to contract when oootmg. Reverting to 
'"">r>, on steel shaft*, it will be remembered that the method advised was that 
" f shrinking on, and, in the event of two liners being uiiiiwiiji, bo bum the 
■l'">"tiuiiM. Thin only happens in the 

w »se uf fong propeller shafts, and, owim; D 

t '.' the weight uf such a shaft and the .v* - "r ■ ", . jr^^ 

'''tti.-iilty in" handling it, the must cim- 
Tei »i«Bt method of burning i» by a series ?«?i:s^|| ■ '■ '■■y'xl-:'%>&fiiii-*' 

his. If the turning shop is 
; "'j'-i''r.'u! t" the brass foundry, the shaft p l( . i66 _Be« Hurn 

burnt whilst in a lathe, but 

■ :, b ■ irse is usually demurred by the distance which the molten bflffl baa 

to be carried. Tailing the lathe, the shaft is left on the trucks which bring 
J* into the foundry, and rotated as required by means of an overhead crane. 
Two open burns, about 4 inches lung, may be made each rotation. The sand 
1 -■- 'i \ fur the channels and pig beds is placed uii staging parked up from 
, ' 11 ' truck, and the burns are so made that no metal projects over the liner. 
■ I| pouring, only sufficient metal to effect a fusion is flowed through the 
' ''■niiicl. for, obviously, this is a case in which the article burned is not free 
'"•■\fBiTid or contract. However, by careful manipulation, the junction may 
" fallowed round without the development <>f cracks ; and, should any occur, 

tl " v are burnt up again. It will be seen that lliis method involves a o - 

parativcly largo number of burns and a fair amount of 
sulisequeut chipping, but it is us good a met heal us can lie 
found, and the risk is slight, 

lu ordinary cases, burning is followed in order to remedy 
defects in castings, and is uften the means uf sai'inj; what 

would Otherwise I waster. For instance, the fUDge of 

a pipe, if poured short, may be made good by burning a 

piece on, us in tig. l(>7. Similarly, if the gate is broken in, 

or if blowholes or dirty places are present, the defect may 

bo remedied by means of an open bnni. Bums, such W 

a, involve very little risk ; but, when burns are required in 

tre of a cylindrical casting, then risk, due to cracking, btroim's of 

'.'"'■ii'iit. In many cases this risk is lessened, if not obviated, by healing 

l,: Mating before burning, and, as the easting has thus expanded before the 

"diin metal is poured on, both burn and casting cool mid contract at the 

1 >.. i,,,,., 

hi preparing bums of this character, the inside of the casting is rammed 
, ''Ii sand and dried. The casting is then set in a pit in the position required 
. '^ burning, and the necessary channels made up in either sand or loam. The 
.''''er may be in the form of loam cake, carded down to shape, or, if a close 
''""ii, the boi in lifted away and dried. A tire is built round the easting, and 
'■ (.' in['ii:ituiv raised to us near a red heat as possible. On attaining a high 
'"'npiialiije, the mould for the burn is replaced and weighted in position, over- 
" u * channel and pig beds made, and the burning metal flowed through. The 
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whole is allowed to cool slowly with the dying fire, and is not disturbed **" 
contraction is complete. 

Evidently, then, success in burning any part of a casting which has *"j 
freedom of movement lies in having the whole of the casting as fully expaii^ 6 ^ 
as possible before treatment, in order to eliminate as far as possible the n fik 
of cracking due to unequal expansion and contraction. In the case of cast-i^ Cfn, 
burning a hot casting with the resulting slow cooling has a further advantage 
in eliminating chill in the burned part. 

If the defective part of a casting is large, it is better to cast a pi^ 06 ' 
separately, of the required shape, loosely fit it into the aperture, and t>l* c " 
follow the joint by a series of open burns. Apart from the difficulty m *? 
contraction cracks, burning either cast-iron or brass castings is effected ^ rlt 
comparative ease, and the process has a legitimate position in any foirod*^" 
As a means of removing unsightly, but otherwise unimportant defected c 
repairing broken castings or joining separate castings together, it has a v^*? 
useful purpose, and from experience the authors can state that comparati v^*J 
few founders carry burning beyond its legitimate sphere. 

Steel castings, owing to the higher temperatures involved, offer grei*'^^ 
difficulties in burning than cast-iron or brass. This feature largely expla**** 8 
the adoption of electric welding by steel founders. Where molten cast-irox* w 
available, as, for instance, in a Bessemer steel foundry, effective burns &** 
made by washing out with cast-iron first and then immediately following ° 
with a stream of steel. Burning steel castings by means of thermit posse*^^^ 
advantages, chief of which is that the work can l>e effected away from ° 
independent of melting furnaces. Practically, the method is the same *~ 
flowing molten steel through or over the part to be burned. ^8- /J, 
difference consists not so much in making ready for burning as in read 1 */ 
obtaining extremely hot and fluid metal. The latter depends on the ther*-*^ 
reaction, viz., that when powdered aluminium and an oxide are in contact ^Z. 
reaction started by an elevated temperature results in a rapid oxidation of *>** 
aluminium. This oxidation develops a very high temperature, and the ox;"*^^ 3 



e 



of the oxide passing over to the aluminium leaves the metallic portion 
with the consequent formation of alumina. The dual rdle of thermit lie^ _ . 
reducing an oxide, and delivering from it the metal in a state of perfect fluicS-^ • 
and of a temperature eminently suitable for burning. 



CHAPTER XXI. 

WEIGHTING AND BINDING MOULDS. 

t'uit tin- general run of Murk tin* usiiiil methods nf securing a mould are found 
in (1) weights, (3) cramps, and (3) oottera through the Iws pins. These 
• methods have, to some extent, been discussed, and the only further points 
calling for note are, first, the self-evident fiict that in the ease of loose weights 
rlii? weight employed should lie ample for the purpose. As a rule, this is 
Obtained; hut it does not always follow that the weight is properly placed. 
l-W example, the weight should be distributed evenly over the box edges, and 
„n equal Inuring ii!>tiiiiii'<l "ii nil parts of tin- joist, In cases where the 
pattern comes relatively high in the top part, the weight should also bed 
<lireetly on the mould, in order to prevent a burst through. This is of apeeisl 
in the case of brass castings ur alloys of high specific gravity, and u 
-__.i-.il nil"' is always In lied tin- weight directly on the top of the lio.x, thus 
■ .l.biniing ii bearing on the sand as well as on the aides of the l«i\. The 
vroighte shown in figs- 13 and 14 are very suitable for this purpose. Where. 
the top part is larger than can be covered by one weight) a turning board 
, , ,.••. be l»*ided over it, on which the weights arc laid, thus increasing their 
. ■ H'i i -| in h.-ss. With regard to cramps and cutters, a point of note lies in the 
in 'i dial they in**. 1 chiefly effective nuind the joint of the box, and, if the latter 
!>..* nf large ana and light section, there may be a tendency to spring in the 
t-eiitre when casting. In such a case the efficiency of the cramps should be 
■ ' ■■ !' ''I l'i weights placed over any parts likely to spring. 

Whilst in many cases weights are essential, in the case of large work they 

ur*:, at the best, only a makeshift, and a tendency in many foundries is to rely 

..i- and pit ramming to a greater extent than is safely permissible. 

A 'lea. I weight, provided it lias an effective hearing, cannot reasonably be 

'■'''"'•i."l to, ami it will lie safe up to within its limit of resistance to the 

('■"''-•sine or movement below it. However, the difficulty with intricate or 

""'(•-iip moulds lies in making a dead weight effective on all parts of the 

'''"' I h I. Pit ramming as a security for lauding is of secondary value only, and 

,'" 1 1. i security is dependent entirely on the character of the hacking beyond 

I part of the pit. Thus, an unyielding curbing surrounding the 

0,| Ul offen a good and safe backing for ramming sand between mould and 

*''itig. A hole dug in the floor some three or four feet larger than the 

u '""l<l, and, after the latter is placed in position, simply rammed up, can 

'"oy 1 H , regarded as a preventative of run-outs through bad joints. The 

■ iiltered to pressure is entirely dependent on the character of the 

™°r hacking the rammed part of the pit. In the case of tank or brick pits, 
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it originally rammed in oven courses to the top, then, ligging mil to pi ■'■"- 

a mould, more or less compact mind surrounds the hole so formed, and a nn>^ r , 
solid hacking is thus obtained for the sand rammed between the mould an 
the aides of the hole dug out. It is absolutely necessar) la regard tB*9j 
1 in li tilt ions to both weights and pit ramming, and s..mc recognition of ilici^^^ 
in the past would have saved many wasters, and, in several eases, accident^"" ' 
to members of the easting squad. At any rate, the lessons of these wirien^*" 
most forcibly show that pit ramming should never be regarded as a substitute*^ ' 
for binding, and that there is mora in plating a weight on a mould than — 
actually meets the eye. 

Complete hoxett offer no difficulty in securing. When the mould is con- 
tained in several distinct parts, as, for example, a heavy beddcd-in job with 
Boveral drawbacks, and covered by B top nut in two or more pieces, the 
difficulties increase; H remark also applicable to all clxsses of loam moulds. 
Taking heavy bcdded-in work first, if a plate is set In-low tin' ooke bed, an 
unyielding support for the wind of the mould is obtained. Not Only BO, but 
bringing stools from the plate ti> the level of the joint gives a solid betting 
for the top part, liiugs passed iivit i In snugs of the plate may he caught in 
a hook-ended bolt, the screwed end of which may lie passed through a girder 
placed over the top part. A washer and nut complete the outfit, and a mould 
so bound down is "iron to iron" throughout ; the top put cannot crush by 
reason of the itools, it cannot lift by reason of its attachment to the bottom 
plate. This method is followed in all modern foundries, and its virtues are 
simplicity and security. The bottom plate may take the form of any con- 
venient loam building plate, and it takes no longer to bed than if the mould 
were inado without it. Fig, 168 gives details of useful binding tackle. The 
stool shown at a is of cast-iron, and a series of different sizes are handv 
Failing this, distance pieces must lie used to give different heights. The 
Boosting ring, h, is made of metal 1J -inch in diameter, and the hook Imlt, C, is 
cut with a lj-ineb thread at the top. The binding bar, d, may seem elaborate, 
but actually it is not so, and we have found it of high value. It i* made in open 
sand, with two pieces of round iron, east one in each side for convenience in 
lifting. 

The method of binding is as follows: — After the bottom plate has been 
bedded down, the requisite number of stools are set to give a bearing for the 
top part, and, if too low, the correct height is obtained by list plates of packing. 
Coupling rings are passed over the liiugs of the plate, and the moulding i:. I Ken 
proceeded with. When the sand sides of the mould reach the top of Un- 
coupling rings, hook bolts are pissed through and rammed up with the sideo, 
care being taken to keep them In a vertical position. 

These liolls should be set to clear the to]) part, and conn tsiile when the 

latter is lowered in position. Should the lop be of such a width that tin' barm 
come inside, then a space around them is left clear and not rammed. When 
ready for binding down, the liar, <!, is lowered over two opposite bolts, a washi-i 

passed over, and the bolls tightened by nuts. The actual numlier of belli I 

binding bars used will depend on the character of the mould and on the 
number of top parts covering it. Assuming thai one side of the mould has 
to be lifted away as a drawback, then the hook bolts on that side are not 
placed in position until the drawback has been returned. In such a can lie 
bolts serve a further purpose in that they can be used for supporting the back 
of the drawback. Thus, a plate may be bedded up againal tin' drawback, ami 
after tho boltahavo la-en tightened over the top part, they aresaajejent 
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Imit of wedging from them to the plate. This plan considerably enha 
/alue of the subsequent ramming at the hack of the drawback. 
L not her aspect of binding in thin fashion in found in the case of a la 
jart, which may be of light section or subject to groat stress in the cen 
binding bant, of course, considerably stiffen the centre ; but, aasumi 
only two are used and their effect is desired over the whole surface, thi 
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Via, 168. — Binding Tuckle. 

ng the binding bars, flat bars of a .similar length to the top part arc 
t right angles to tlic binders. The latter, laid across these bars and 
n, convi'M tin' t.d]> |.in into ;iu I'Mnvdinj^v rigid structure. This 
obtained when tin 1 bars are bedded directly on the U>p part and 
n turn bear directly on each bar; hence, it may be necessary to 
sii certain of the bars and binder after the latter has been screwed 



Ids 8 



e bound down by very similar tackle, though, in a simple 
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case, the top and bottom plates may be directly tied together by means *** 
cramps and wedges. A loam mould is always more conveniently closed c * ri 
the floor than in the pit, and this plan is followed when circumstances all^*^ 
of it. Limiting conditions are found in the weight of the mould and **^ 
relation to the lifting capacity of the crane, and also in the character of ****? 
bottom plate. If the latter is liable to spring, then the mould should be clo«^ 
in the pit, but, assuming conditions favour closing on the floor, then the nioi-** d 
may be bound down ready for placing in a pit. Whilst a mould covered t>y * 
flat top plate is comparatively easy to bind, this does not apply to a mow* 
consisting of several drawbacks and possibly an irregular top. So far ** 
irregularity on the top is concerned, this may, by means of metal packing & 30 ® 
cross-bars, be made to give a level surface on which to place binding 15^-J 8 
for connection with the snugs of the lx)ttom plate. Drawbacks may, in 
certain cases, be wedged directly from the hook bolts, or, in other caso^ ° 
greater intricacy, top and bottom plates are made with projecting &r%\^& 
through which bars are passed and wedged, thus offering a means of pacl^ 1 -*" 1 * 
the drawback by means of horizontal bars, plates, wedges, etc. In other e8^^ , ^^ 
especially the covering plates of flanges and the like, the drawback plat>^ * 
necessarily set at such an inclination that wedging by these means is diffic*^* / 
Here the sides of the pit are useful, and a series of props may be carried ^^ 



to the wall of the pit and firmly wedged. This, of course, should be don^ . 

tho pit ramming proceeds, and care should be taken that the rammers do *^*_ 
loosen the wedges. Practically, every loam mould built with drawbfl^^ 5 



should be rammed in a pit, but simple rammed sand should not be rega. 
as sufficient security for maintaining the drawbacks in position ; hence, ^ 
note on wedging either from the binding l>olt8 or from the solid and unyielA**^ 
sides of the pit. Finally, in concluding this short chapter the chief intents 
of which is to be suggestive, we would emphasise the fact that, where? ~*f , 
possible, a screw should replace cumbersome and uncertain weights. Tac? ■^ 
of the type shown in fig. 168 is not costly, actually cheaper than weigB^^^ 
takes up practically no valuable floor space, and has the advantage of nialc-*^?* 
the most intricate mould, so that it can neither be crushed nor strained. -^1 
noted, simplicity and security are represented in a mould so tied down. -* ' 

for any reason, the open girder shown in </, fig. 168, should be objected tc* 
solid bar may be substituted, and screw bolts connected by a shackle of ri 
and left hand threads, used as in e. 
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SHRINKAGE. CONTRACTION. AND WARPING 



■SI thrOC headings are convenient l\ l.ik.-n to^uthor, HS fchej have a very 
id relationship to • ■:■■.■!• i itlioi-. Technically, " shrinkage " refers |<> the 
, 1 1..;. I lessening iii volume of fluid metal us it jij if >!■■ pjh-1 ><-is tin' solidification 
nl nt which shrinkage censes and " <-i>n tract ion " coin indices, contraction 
ig understood to refer to the lessening in length or in volume of the solid 

ni. \\';n-j)i i il: is siinfil v iuici|ual fimt raft inn induced hy ditt'erent thicknesses 

in.' i m iln> casting. Total contraction if* found in the difference in awe 
Ween the mould, in- tin: |)iiiti.'in if only slightly rap|ied, mid the oaating; 
i. under normal conditions, is fairly constant for a given grade of mete). 
■i ablet which influence the amount of contraction are the contour "F the 
hern, the temperature of the metal when poured, the presence of blowholes, 

A* a cunt! iti point, inil'l steel castings si I'l show a con t !Mc tir m ol ,';. inrli 

lint, yet we have occasionally wen them come out of the mould at full 
tern size, probably owing to tin; presence of blowholes. In other eases, 
trhvtioti is influenced hy the muss of the easting ; thus, the allowance in the 

■ of light cast-iron is J-inch per Foot, whilst in the ciise of heavy cast-iron 

■ j ■. . 'mil per foot. Variations of similar degree are also found between 

it and heavy brass and Mv'lit and heavy steel eastings. 

\\ hilst if is comparatively easy t.. measure total contraction, it is by no 
ms easy to measure liipiid shrinkage ; lint that shrinkage must he met if a 
in! easting ts to result, Generally speaking, a muss of fluid metal in 
difying forms, first, a shell of solid metal; and (Ken the liquid metal in 
inking draws to the solid, leaving a depression in that part which solidities 
Contraction varies with the character of the metal; thus, with white 

■iron and steel it takes place at a uniform and quick rate, but, with grey 
.-iron, the rale meets with one or more actual retardations, during which 

mate] expands instead of shrinking. These expansions are mint! or less ■ 
elion of composition ; but, after completion, the easting steadily contracts 
.il atmospheric temperature is reached. Keep, ami more recently, Turner 
e done valuable work in investigating these expansions, lint the chief 
■test to tin* founder lies in the fact that expansion in the solid or semi "lnl 
be [raphes lees apparent fluid shrinkage. In Prof. Turner's experiments, 
n ,,w! Steel Institute Jiiurn'tl, 1906, No. 1, copper, aluminium, lead, tin, 
c, and aluminiiim/.iiie alloys contract evenly from the moment of soliditica- 
I. White iron shows a pasty sta'.'e, and then contracts regularly till about 
> i '. • reached, "hen there is a slight retardation. N on- phosphoric efey 
n shows two marked expansions, one immediately after the uietid has become 
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sufficiently solid In move the (xiinter nf llii' measuring instrument used, ami 
;i temperature of about 1140 ('.. the second at 695* i'. I'hosphurie ^nv | > 
(I '38 per cent. P.) baa three actual exclusions, mie Front the moment 
solidification, lint reaching its maximum at 1060*C; the second about 90"* 
(.'. : ami tin' third very marked anil long wintinin.il iitMjiit 730* C. CotnfaiaW 
Turner's and W. H. Ilatlicld's ex]«.-riiin aits, -ivrn in the same Volume tn* the lr^ 
nod Steel Institute, it seems clear that tin-si.' lowest changes are due In the foni^ 
[in] i ul" amorphous free earl>on produced hy tlie decomposition of carbide of iruw 

Shrinkage, whether great or little, must be met by further supplies 
(luiil metal until solidification of llie casting is complete. This is obtained 
either through the gate or the feeler, either of which is designed u, solidify at- 
later peri'"l than the casting. This practice of Feeding is one of the iiiii 

important aspects in the production of costings, and it is possibly the one « 
which the least systematic attention is given. Whilst the first aim should 1 
a solid casting, it should not be forgotten that gates and feeders have n, I 
removed from the casting, and that when removed their value is only tin: 
of returned scrap. Taking grey cast-iron first: in light mirk, liquid shnnka-r 
is practically negligible, and the gates Heed only In.- cut of sufficient section I 

mil the carting, Heavy cylindrical castings arc best fed by carrying th 
iimiiM two nr three inches higher than the pattern, thus leaving a head tti Mi 
same size as the casting, which is subsequently cut uti' when machining th 
casting. Solid cylindrical casting!, may also he fed by this plan ; but, if tin 
diameter and Length are large, the head will require continuing for ■ 

considerable length. This plan has the advantage of collecting sullage nr dir" 

as well us supplying a reservoir of liquid inettil Lo feed the shrinking cistini 

below it. Obviously, in the ease of circular castings, e.g. cami-m bslll 
rectangular bhicks, etc., it is impussible to eoiitinuc the easting upwards foi 
direct feeding, and the plan followed is to place a feeder on the highest m 
heaviest part. These feeders vary in diameter according to the nine- of tin. 
casting; and whilst, in certain cases, a "whistler" the size of a lcad-|».'iici 
may act as a feeder, in other eases a reservoir some S or 10 inches in diametci 
may lie required. All feeders should be recessed at the junction of the 
lasting, and even 'a small recess is a very considerable aid to removing tin 
feeder. Naturally, even a large feeder, say 10 inches in diameter, if placed 
on a massive easting, will solidify before the easting ; hence the purport ol 
NK.rhuiiii.-al feeding, the sole object of which is to keep a channel open between 
feeder and casting for the admission of further supplies of liquid metal. Thir 
object is secured by means of the "feeding rod," simply an iron rod worked 
up and down the feeder, and passing well into the Istdy of the existing at each 
stroke, in order to maintain an open connection. New supplies of metal arc 
poured into the feeder us required, and thus |«iss directly into the easting. A 
heavy I'rcy iron casting will he taking metal in this fashion for a long time 
after the actual pouring : hence, the feeder should be kept well open for itt 
admission. The feeding rod should be kept clean, any metal solidifying on it 
being knocked oh"; and, further, the rod should uot move up and dowu in out 
■pot only, or the feeder will soon choke, except fur a small orifice the si/e of tin 
rod. By travelling the rod in its up and down movement round the feeder 
watching that DO part of it chokes, a comparatively small feeder can lie kepi 
open for a very long time, and the legitimate demands of the shriukint 
casting fully met by periodical supplies of fluid metal. The object soughl 
should always be that of last solidification in the feeder, and, provided this v 
attained, the smaller the feeder the better the practice. 
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Ab already noted, light grey iron castings do not require feeding in the 
'-"""'Hiijiry sense ; lint, in thin class of work, "draws" are often met with, which 
constitute another aspect of liquid shrinkage. For example, if the gate is 
litfliti.T than tiic casting, bv solidifying early it may, under certain conditions, 
dr-,L\v metal from tlie easting during solidiKcation. The result is that, on 
breaking off the gate, a pin hole is shown in the casting. Even comparatively 
slll all lumps on the hack of u thin flat easting tend to draw the metal away 
[firn the face. This, in the case of work that has to lw ground and polished, 
is . hft..u sufficient to condemn the casting, as the depression is not removed in 
Blinding. This defect does not occur if screws are cast in the lump, which 
leads to the conclusion that the chilling influence of the screw head is sottirient 
c ' ' <-Miise the several portions of a casting of slightly varying section to solidify 
"i<,r._. nearly at the same time, and thereby to eliminate the draw. In any 
' - :, «* ■■, when screws are not east in, a remedy lies in casting in either a sprig or 
" **niall piece of east-iron, so as to hasten the cooling of the lump. Another 
'''tfrestiiig remedy lies in pricking the face of the mould immediately baton 
**' lump, the pricking being effected by means of a needle, and the holes made 

*<«iost touching each other. 

( Steel, tinlike grey iron, has a narrow range of fluidity, a feature which 

* ** "*it excludes the feeding rod ; and, as liquid shrinkage has to be automatically 
"*"t itoiii the head, necessitates the adoption in heavy work of much larger 
* '■' len than would be employed on tho same casting if made in cast-iron. 

* ** tlie heads, like the moulds, are faced with compo, which is a bad conductor 

bnt, BOme benefit is obtained by heating the head mould to as high a 

; *"*< i[„T,itnro as possible before placing it on the mould and then Oaatinft 

,.i*** Wdi&tely. Further protection is also obtained by covering the head with 

~^ '"-n-oai dnat immediately after tilling, which, being also a non -conductor, to 

. "'■ ■ n> intent retains tho heat. In any case, with heavy steel cast in--, l.ir-ji- 

in- essential, and must be so placed as to provide a reservoir for the 

^f^***tiriK titirin^r it.-* limited interval in iiruliiiiL' the solidification stage. In the 

|^***S of small work, several castings may be fed from one feeder, the usual 

^ **-*i being to arrange the feeder in the centre of the box, cutting a runner to 

v * I* ply it, and gating each easting from the feeder. In sue!) eases it is always 

, "-" I 1 to cut the runner into the feeder at a tangent, thus obtaining a circular 

, , " ' v, .incut of metal in the feeder, which tends to drive any dirt, or other light 

. t * : *■ t eiial to the centre. We have used this method of feeding small eastings, 

v v '" ' obtained good results by it, but it is inadmissible in the ease of larger 

,_- r ~**~k. Medium-sized work offers more difficulty in successful feeding than 

n\ r***"' bulky, but compact, castings in- small work. Plain rings, lor example, 

■ ti '"'n ol three or four inches in width hy similar thickness are almost 

f < * ' I »«jssible to feed from one or two heavy feeders. In such cases, we have 

(. M * ► id the only solution to be in distributing a series of small feeders around 

j. "" ling, eaeb one being effective on a comparatively small part, but assisting 

j. KkNghboum on either side by meeting them half way. To sum up, as 

( . " ^>*irds steel, the feeding heads hove necessarily to lie targe, and, in many 



y*****, their volume totals a third of that of the easting. Whilst in plai 
( '\*'Wy work one centra] feeder will lw effective, in other oases it may be mor 
^'X-iive to split the one feeder into several units, each having a local effect 
l, 'ully, liquid shrinkage in tiic case of steel is high and quick acting, and 
lu, »it therefore lie promptly met. 

The majority of alloys coming under the common term brass have a 
Bratively long range of fluidity, and may, therefore, 1« fed by kindred 
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means to these followed with cast-iron, that is, feeding heads can lie kepti.j-- 
I'V means of iron rods, which should lie coated with plumbago, and liqa "V. 
metal added u required. However, it may be well to take the alloys m det*** ■ 
mid in the Brat plane amphaaig should be laid on the fact that almoat sa * * ' 

weight of brass (eop]>cr-/mc alloys) or gun-meto) (copper, tin, and line allo_^""^' 
may be successfiilly cast without the use of a feeding ml. us is illustrated * 1L 
every marine brass foundry daily, and it can lie tested by simple e\j>crinie* * '' 
Tins feature is often a surprise to iron or steel moulders lirst taking up vt^ *~ 
in a heavy brass foundry. Whilst the feeding rod is perfectly ftdmiseih" "*"''. 
practically the same or a better effect can be obtains! witliout it. I.JonoraB*- ' 
speaking, tin; " hole of the feeding in ordinary brass work is done through t --* 
gate, which should lie so cut as to attain this cud and not draw metal from t * " 
Oaattng. It therefore follows that -the runner pegs and gates usual in lira- 
founding are considoral >l y heavier than would be used on u similar ratine "* 

iron castings, and effective feeding may lie obtained by the gates only, supp^t "* "_ 
mt'iited in special eases by risers, which may be either placed on the easth ^^" 

or at the side and connected by a channel. 

Special alloys offer somewhat different conditions, and experience whoi^^^ ^^ i 
that certain of them yield better results when fed by the rod, the chi ^S 

examples of which arc manganese bronze and phosphor bronze. Castings ^ * ~" 

the latter are sonietimes made up to 30 tons in weight, whilst castings eaa"^* 
manganese bronze often scale 4 or T> tons. The method of fecditis: is practical ^^ ^^ j 
that followed with j_'rev iron castings, the heads I h ■ L 1 1 l.' kepi open bv rods, al^^^^" t , 
metal added as required. Unlike the grey iron foundry, a constant supply t-- ^^_ 

I ling metal is not available from the cupola, as these castings are made frou^a^*~__. 

air furnace metal ; therefore, a series of crucibles are charged in separate hole- "" ,'j 
and so timed as to be ready at suitable intervals for feeding purposes, I 
the special bronzes, manganese bronze is eharacteristic in its demand for go"*^^^^j», 
feeding, and even small castings untouched by the rod should be plentiful! ^^^^. 
supplied with risen 01 effective feeding heads. These bronzes have t' 1 ^*^^— 
advantage thai chills induce do hardness in them; therefore, when :i feedtfts*^^ 
is inapplicable) a chill may be used to obtain the same end. the object batna — *^- 

to hasten the solidilieutiou of a heavy part, and bring it into liic with a li^htc- ^---^^^ 
part of l.li'' same Casting, In other words, the chill is used for eipialisi 
shrinkage in the same way that a chill is used for equalising the rate 
contract! i in. 

The last aspect of shrinkage is found in white iron as used for the prod; 
tion of malleable castings. As a rule, these castings are comparatively -ma 
hence, the high shrinkage is efficiently incl by nates supplemented bv rise 
and. in special cases, chills. 

Shrinkage and < traction, although elosHy akin, have been dilleivuliat 

here since shrinkage must be met entirely by feeding, an operation which 
Without effect on contraction. After assuming Hi" -"lid slate, most metals ■ 

alloys ttraet regularly with a fulling lein|>erature. There are one or tv 

exceptions, but they must be regarded as exceptions. These have, however, 
led to our receiving inquiries from moulders, who have been troubled by 
Outings cracking durinjr contraction, for a remedy based on the lines of i 
aoncontractible alloy, ft cannot be too strongly stated that contraction a ■ 
natural function, and, within the limits of the particular metal used, tin 
more of it that takes place the belter, fur every casting should show its full 
Contraction, or there are certain to lie cither blowholes in the metal, or 
present which may or may not be removed by heat treatment, such 
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oootfng. The following table shows the usual contraction alloi 

experience indicate* that the actual ■ rot of contraction is influenced 1 

.--• ■ mt;iI conditions, tin' chief (if them heing the contour of the easting and t 
Freedom it offers to movement: — 




Note.— White iron eastings are annealed liefore use, and 'lurini; [his process 
'" » BXpanaion of J-iiich per foot takes pi lice ; hence, the same contraction 
! »1 1 nwaace .'is for grey iron is usual. 

We confess to wme hesitation in giving the foregoing tabic, for our 

!~* "^Marches 'in contraction have shown the existence of several factors which 

" ' i Mui']i,-|. (he amount, and practical experience conclusively shows that casting 

■:■■ Me form seldom idisohttelv i-onl'orin io smv u'iveu rule. However, the 

! ** »int is thai contraction not only does, hut also must, occur if a sound Halting 

,fs to lie made. Taking the case of a steel liner, 20 feet long, with flanges at 

i;l. then, with a contraction uf , |, inch jier foot of length, the total 

' ■* itraction i- 3| inches. Each flange must, therefore, travel towards the 

'"* '• itr» of the liner a distance of 1 j inch. If the character of the mould will 

,r *t permit of this movement, then an inherent weakness or actual fracture 

. s * I 1 develop in the casthifr. Actually, a fracture is the safer in that the ranting 

** *il once condemned ; whereas, in the f.int- of undetected stresses, the casting 

i working life with a distinct risk of failing under a comparatively 

' "w load or light Bhock, 

In describing a vertically built loam core it was compared, from the point 

■■: ii HL'th, to an anh. Assuming such a core built entirely of hard luiek, 

j. * *< 1 faced with only a thin coaling of loam, then the arch would lie too strong 

JJ ' * the contracting casting, and fracture or a hidden flaw would inevitably 

Therefore, bh contraction must occur, the natural remedy lies in con- 

K"UCting the mi >u Id tn yield us the solid ens tint; draws together, lireen sand 

"'"'uld- offer little difficulty in this respect, and the usual run of dry sand 

'"'-ulds ior iron or hniss are sufficiently yielding to lie compressed l>y the 
"-' 1 Mmil:. However, in the ease of intricate forms, provision should be made 
v *thcr hy placing ash Ih,i1s in parts likely to resist contraction nr In dieting 
' "it I he uiiiuhl in those [uirts, immediately i.n solidification. The latter method, 

1, 'Tinei| "relieving" or " releasing;," must lie followed with all intrieate steel 

'stings, since compo-faced moulds are very unyielding things, llelieving 
ii.ii-.i be quickly accomplished ii it is to he effective, yet not too quickly, or tin 

tul may not 1* strong enough to keep it» shape. All that is licee.-san is 

; nv part of the mould likely t<> hind, thus giving the casting a T 
pith in its contraction. Cores, owing to their inaccessibility, offer gre 
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aises a yielding liody is provided (Then the int'-ri>»"*" " 
A point of note lies in the bet that ii ii ■ 
providing :i body of sand which will yield if the core irons tfcemttlVM bS w 

and niiuij' a listing has limi cracked by the irons lieing practically oil . 

metal, thus allowing no movement whatever. Collapsible win burn-Is in 
raise of pipe eastings are familiar, and in their absence straw ropes arc 
great saving medium, hi tin 1 can of oorea almost completely surrounded 
metal, such !i« centrifugal pumpa * hen cast on the Bide, a perfectly solid c 
limy bo made by keeping the core gratings sufficiently far from the face- 
allow of the contracting casting furring the wind into ash vents in the con*" 
Loam moulds and cores are, by their very nature, the most difficult to i'-li> * 
ami here, as regards building, loam brick and ashes are the great ramed *"■*■ 
When sufficient freedom eanuot Iki obtained by these means, all binding pa - 

must be dug out, a laborious occupation, as it has to Is.' quickly perform * "■" ' 

In many cases relieving hire can l>e built in cope or core. These bars, her* ""'* 
provided with a ring or staple in the top, may In- pulled out by the crane, at:*" '"' ' 
apart I' mm the space left, will start the building sufficiently to allow of C*" ll 
easting contracting. . 

Contraction can, therefore, be met, by providing yielding cores, oryieldic ■* '"* 
moulds, or by loosening all parts which retard movement in the cast in" * "-' 
There can bo no excuse for a distorted or cracked casting when the fault _^ _J . ls 
due to the mould ; but in many eases distortion is solely due to the distribute *- . 
of metal in the lusting, and, obviously, attention to the mould can on *" • 
partially remedy a defeat due i" design, , . 

Warped or cracked castings, when due to unequal distribution of met**— ^ 
are not only extremely vexing, but also are haul to remedy. The CMH ■ 
such fault is found in the differing rates of contraction induced in one csstii-a * "" 

by tin* rlill'ri'f.'iit- thicknesses of tab Having stiit.nl the cause, the obvii.i * 

remedy lies in Netting the pattern out of truth to the extent of the pull, t* 5 -*^^ 
that in cooling, the easting will straighten itself. Thus, long castings poure.*-*--^ 
on the flat tend to lift at the ends, and if the amount of lift is known, lh * ", 
ends of the pattern can be set down, thus curving the face of the pattern, in* ■*". 
giving a chance of obtaining a straight easting. Lathe beds, according fa 

design, either lift at the ends, cir ill .(litre, usually the latter. With lied 

that warp in this fashion, the common plan is to camber the patten 1 
Betting the mils higher than the centre, an allowance of £ inch per 6 feet o 
length being usual. Should the casting warp in the other direction, then tin 
pattern is set the reverse way. Register fronts often show a tendency to dra- 
in at the bottom, mid these represent another type of pattern, which may 
set out of truth to the extent of the "pull." However, no definite rule 
be given for setting patterns ; osisttng knowledge is at the best empirical, ami 
one can only proceed by actual trial under the particular conditions in which 
the casting lias to be made. This statement is made after attempting 
deduce a law from our own and other records. Failure lice in the fact 
si i many variables enter into the question of retarded contraction, and 
general statement of a positive character could In. made. 

Assuming that the pattern lias not liecn set, or, as often happens, that i( 
has been set in the wrong direction, then the only thing remaining is 
straighten or set the casting. Willi brass m bronze castings, this is eft'eeted 
in 1 In- cold ; but, with east-iron or steel, straightening should lie efiected 
on a hot casting. In a simple ease the casting is heated to a red heat, laid 
a straightening plate, brought into shape by weights and allowed to cool do- 
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weights in position, The weights should not bo disturliofl until 
oontractiou is again complete. Another aspect of the name plan is to take a 
casting rod-hot from the mould, mid weight it down, a plan more expedient 

than advisable, itltlie nijjrli il is cei-lainly successful from [| ue point of 

preventing warping. Same eastings cannot lie reheated to a red heat ami thru 
ion venieiitly handled. For example, h'Ug lathe beds, when high in the centre, 
are brought down by a simple but effective plan. The bed is levelled on two 
stools, one at each end, a fire is built under the centre, and, as the casting gets 
hot, it commences to sink by reason of its own weight And the influence of 
heat. Evidently, then, if the sinking is arrested by drawing away the tire, any 
denied amount of setting may lie obtained ; but the point is that, on again 
1'imliiiL:, contraction, and therefore warping, again commences, with the result 
that the bed, if only brought ilown to the extent repined, will, after cooling, lw 
again out of truth. If the bed is, stay, -J-inch up in the centre, then it should 
!-■ brought down by the fire a total distance of j inch, which allowance will 
cover returning contraction on cooling. It need hardly be Htated that 
straightening by this plan requires very careful treatment, or more harm than 
good will be done. 

Finally, some reference is required to contraction cracks. If the casting 

in cooiing down cannot contract or relieve itself by warping, then u fracture 

■ ill follow, in-, if nut, dangerous internal stresses are developed. When this 

is the fault of the mould, the remedy is apparent, but, when due to the design 

of the casting, the remedy is not so apparent. Of all metals, steel and 

Aluminium are perhaps the worst in this respect; but, whatever the metal, the 

l*et solution is found in equalising the rate of cooling throughout the casting. 

"The effect of chills in this direction has been noted, and practically the same 

*3Tid is obtained if the thin parts of the casting can be thickened. This, of 

«_-niirse, is not always permissible ; lint the thin parte may l>e indirectly tbiek- 

* -ii'd. and thereby strengthened, by means of tins about J-hich thick, 2 or 3 

1 1, and ri inning the full length of the thin part. These lius are readily 

* ■■ dipped off the easting, and wo have found them of distinct value in saving 

' '•"'''tings. All junctions between light and heavy parts should be tapered by 

' '"■ i in mliler, a remark also applicable to sharp corners, junctions between tlanges 

'""I bodies, etc., all of which should bo well filleted. Flat plates, cast with large 

•^'Jare or rectangular cores, can often be saved by taking the corners off the 

*^**rr^n. in other cases, wrought iron cramps are cast in. Another example 

signed to reach the same end is found in the curved arms of a pulley, the 

' ■ *»i*\-utiin? admitting of a certain amount of straightening without bringing a 

1 '"'■■•t pull on to the rim of the pulley. An opposite method to thickening up 

M*in part is found in lightening a heavy one, and, where permissible, as in 

'" bones of wheels, this will give considerable relief. 
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Havim; made the casting, its further treatment, in the event of no atma * .'"- 
being required, lies in dressing il to shape by removing adhering sand. 
runners, feeders, etc. Natural ]y, the less dressing required tin' Iwtti-r " ' ir 
the casting; and the trite remark that "Castings should be madi- mi ' 
moulding floor, and not in the dressing shop," is worth consideration by o^^"^ 
moulder. 

Naturally, the tools required and conveniences for work vary "ill. ™ 
class of castings produced. Assuming those to be of a light and small l^'l"' 
then the chief tools required "ill be convenient benches and vices, a gf - ^ 
supply of files and small coring tools, emery wheels and tumbling I 
The emery wheel is familiar, and is chiefly used for grinding off accessible &*'*> 
removing projecting gates, etc. The tumbling barrel or rattler in simpl*" ' 
revolving drum packed with castings which rub against each other, then.-* 1 '- 1 
removing adhering sand. The rubbing t-rt; -«-t nia> 1"' intensified by pack » ''-' 
the castings with sharp pieces of iron ; eonvciiient white iron stars am W "'' 

for this purpose. Tumbling barrels vary in design, but all have the eo *' 11 

object of cleaning by rubbing. With brittle castings it is fairly obvious tl» iV \ 
a barrel in nst not be packed so that un each revolution the eastings EBBeea * _ 
a heavy bum]), otherwise breakages will ihtih. similarly, in the ease of bri* r *". 
castings a loosely packed barrel will result in bent or ilistortod castiii**-*^. 
Tumbling is applicable to all small iron, steel, or brass castings, Bare rli. ' _ ". 
having sharp corners, which are apt to become slightly rounded, <>r th« *- ^ 
having ornamented surfaces, the detail of which is likely to become dull* J? *~ 
Practically, these limitations only apply to soft metal castings, such as brta— ^ 
and a method for tumbling these is given later. , 

Small iron or steel castings, if properly moulded, should, after tumblii * 3 
only require the cores cleaning out and the gates grinding off. Althon *^"" , 
a side issue, it is worth noting here that iron castings are, after titmhlia * 
stronger than before. Small brass castings, such as plumliers' work, ti * ■ 
steam and water fittings, may easily be given a good appearance, which lei»*-. 
much to the beauty of the casting. It is better to " blow " cored work of t^ * 
character, that is, to break the castings off the runner whilst hot, and dip th* "' 
in cold water. This, if caught at the right heat, lias the effect of blow ing • ' " 
the core and leaving the casting without a particle of sand adhering to * 
Brass castings so treated do not require to lie tumbled, but, alter tin- gate* i ' *^ 
ground off, to improve their appearance further, they may be put through 1 1 
of the following processes: — 
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(1) A water-tight rattler, constructed nf hiirci wood, is used. The eastings 
siw packed in this with cvirse mid sharp sand and :i pailful of water added. 
Alter closing up, the rattler is revolved ut a slow spend (or twenty minutes or 
thereabout*. The eastings are taken nut, washed off in eold pinning water, 
•lipped into lint water, sod left to dry. This treatment (rives valve bodies Bud 
similar castings, which are not afterwards machined, a dead Wight and smooth 
surface with comparatively little trouble. 

(■2) Tin? second method is that of dipping in acids, hi the ease nf ye! Inn 
inet.il castings this is comparatively simple, and commercial lupin fort is 
(nitric acid) can be employed with advantage. After treatment, all traces of 
acid must be removed hy washing in a stream of water. With triple alloys, 
as, for instance, copper, tin, and /.inc. acid treatment becomes more complex : 
in these rases the authors have found it advisable to use two separate acids, viz., 
nitric and hydrochloric. The castings are first dipped into nitric acid, then 
into hydrochloric acid, well washed in water and dried oft' in sawdust, 
te.'nendly speaking, sand scrubbing is preferable, as it produces a gin-l finish 
in. liltl" cost. Aqua fortis is largely used for ornamental yellow metal castings, 
mid extensive treatment in this direction is practically a business beyond the 
scope of the founder. It should, however, be noted that alloys for treatment 
by aqua fortis should be free from lead, otherwise discoloured stains will result 
after acid treatment. Hence the term "dipping metal," signifying dual alloys 
Bf copper and line free from lead. 

Personally, we have found the second form of acid treatment of use for 
cleaning brass castings where sand blast was nnt available. It is of special 
advantage in the case of brass hearings which have l« be subsequently lined 
with white metal. The reason for the second acid, hydrochloric, is due to the 
fiict that, after dipping into the first, nitric, a white oxide of till remains on 
tlie surface. This is readily removed by the dip into the hydrochloric acid. 

Naturally, all brass eastings will not permit of blowing or breaking off gates 
wliiUt hot. In such cases a band saw is a decided advantage, as this saw will 
•'ut Ihrmigli a large number of gates per day. Sawing is preferable to a gate 
•''liter, ami is a distinct gain on the hand hammer and chisel. Apart from n 

'"uid saw, the dressing shop should 1 quipped with pneumatic chipping 

'""iiiuers for the larger castings. These hammers will quickly remove a fin or 
'''"■!■, and arc exceedingly valuable tools. 

So far as iron castings are concerned, saws are not required, but the 

'"■1'ii; 'lit should include pneumatic ciiippers, tumbling barrels, and emery 

**'■-. I.h. in addition hi the usual run of hand tools. Dressing is simplified by 
['" ■ hot that runners and feedors can 1"' removed in the majority of cases by 
l:L iii|nr striking hammers. The acid treatment of iron castings lias for its 
'!' '1 I In' removal of the adhering sand, in order to facilitate machining, and 
* **ttrj applied to those eastings which cannot be tumbled. Dilute sulphuric 
-Miicj jj. |( f avcmr jt,. pickling medium, and the castings arc either soaked in it 
°*" » short time, or the casting is laid on a wooden tray, and the acid hulled 
>Vg T" it at intervals, being finally soused with water from a hose. 

Hydrofluoric acid is also used as a pickling medium, and in this cane the 
"***Ul only is dissolved off. The effect of sulphuric acid is to eat into the skin 
'hi' i':i*li!ig. tli'ivhy loosening adhering sand ; as a rule, machinists prefer a 
'"'"'trmr pickled in this acid to one treated with hydrofluoric acid. 

The equipment for dressing steel castings is practically the same as for 
'""i, *ith the addition of saws. Provided the castings are hard, runners and 
:, I..' removed by nicking with a pneumatic chipper and then breaking 
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off. To a certain extent this treatment is applicable to mild steel eaatS*© 
but, if there ia danger of distortion, runners and feeders should be sawn '.' , 
The band saw, so successful with brass castings, is not ijuite so successful ^V th 
steels. If, however, tbe costings can 1* suitably packed, and regularly fed ^V 
to tbe stiw, fairly good results follow. Circular saws are also used, and* 111 
certain cases, with decided advantages. Large feeders are left on the eastii >-"' 
and subsequently slotted oft' in the machine shop. Owing to the numlier #*■**? 
comparatively large size of feeders required on steel castings, their reuiova.1 ,s 
a distinct drawback towards economical dressing. A proposal reeeu t '. v 
brought forward for removing large heads is that of using the oxyhydrn*^*-" 
flame for beating a spot of the steel to the burning point and then cutting _* 
slot through by means of compressed oxygen. In thin ease the blowpipe ,s 
directed at a spot on the feeder until a melting heat is obtained, the hydro^* 3 *" 
is then cut off, anil the pressure of tbe oxygen gradually increased until abo* 
30 atmospheres is reached. Oxygen at this pressure causes the combustion *-" 
the steel, and a narrow slot is rapidly burnt through the bead. The oxyj^* 1 - - " 
cuts the steel with astonishing rapidity, but the economical applicability — a 
the process has yet to be proved ; hence, the idea is merely offered at* * 



Acid treatment is not advisable in the case of steel castings. A gc* -:: " - ^ 
method of removing burnt sand, scale after annealing, and generally improvi * ■ * 
the surface is by means of tbe sand blast. This method is applicable to **j 
castings, and, where available, Is decidedly preferable to any form of a*-" 1 
treatment. In its simplest form tbe compressed sand blast is directed * '- 
means of a flexible pipe on to the eastings, the operator being protected "*-*- 
a helmet which serves the purpose of protecting the fact- and providing pi.**"*" 
air for respiration. This involves a separate" sand blast room in which * 
treat the castings. The abrasive used is sharp sand, or chilled Iron shot, * 
certain cases a mixture of the two being employed; and the propelli "■ "^ 
medium is compressed air. Various types of apparatus are in use, L » * *", 
the latest development i.s Matthewsoii's patent sand blast tumbling 
which includes an automatic sand elevator, sand and dnst separator, 

The principle is that of a slowly rotating cylinder, supported at its eir 
[Wcnee on rollers. Sand blast is directed through one or both ends 
cylinder, and hupinjres against tbe eastings placed inside. By the rotation 
the cylinder fresh surfaces are constantly exposed to the action of the sand hli*--*^" 
Saud and dust escape through perforations in the cylinder into the bar"^""^ 
bo\, and are returned by means of an air current through a pipe to the so. "*•*,, 
apparatus. The upper portion of tbe latter is a separator which allows t. ■ 

heavy sand to fall into an air sieve ready for use again, whilst the dust 



A further improvement is foimd in Mattbewson's continue* 
sand blast tumbling barrel, in which, whilst utilising the foregoing princip^ 
continuity of operation is given. Reference to fig. Hilt will explain the debu* 



ire fed into the hopper A, and travel slowly through tbe luirrcl, l>ci ^,-i. 

a the journey to the action of four or more sand blast jots, which >^*"_j| 
equally divided along the length of the barrel. From thence the castings ^^jl 
on to a slanting grate, which is partially enclosed in the <\li.m:.t chainlier -z 
and slide into the lower hopper C. Sand, dust and scale are automatical - _ 
separated froui the castings in the chamber B, and returned through tin- pi f " 
IH> into the sand blast apparatus. The elevation of the sand and dust *' 
ted by a current of air from an exhaust fan, and in the sand blast KppAMM ~ _ 






. MpttBted as before. Both forms of apparatus are miide by the 
tan's Patent Sand Blast Co. 




giving this outline ninny details are necessarily omitted, but sufficient 
an stated to show the applicability of suiul blast cleaning. From persotml 
jnce, we believe it to ho the bent method uf effectively cleaning iron. 
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steel, or gun-metal castings. Should the surfaces have to he tinned, coa.*-* 5 ? 
with white metal, or painted, they are in excellent condition as regards elesw*Vli- 
ness for any one of these purposes. 

Finally, the dressed eastings are ready for dispatch, and, whilst in the ©*■ ** 
of large pieces, no difficulty of identification is offered, such is not the case W »"** 
small work. One good method of sorting out small details from a miscettW.*^*?" 
ous heap of castings is us follows : — Each order received by the foundry B 
given an order number, and the moulders are supplied with sets of small It* ■- mtr , 
figures from to 9. The order number may be printed into the mould, ^*-^"™ 
when the casting is ready for delivery, it may bo easily traced by its numl— * ^ *■ 




Via, 170.— Casting Breaker. 



This plan will admit of any amount of amplification, such as separate numb-*^*^;. 
from 1 upwards for each separate casting in one order. This plan, or a mC-^ 
fication of it, will save countless worry when assembling orders for delivery. ^, e 
A further aspect of the dressing shop is found in the return of scrap to ^"\^ 
furnaces. As a rule, cast-iron and steels produced in one foundry do l^ g{ 
vary greatly in ijuality, and the scrap may be safely returned in lots as ^ 
accumulates. On the other hand, brasses vary enormously in grade, and tm^ 
grade of scrap should be kept to itself. This is facilitated by having a syst^^* I 
of marks for each distinct gr;idc ; and the moulder, before closing his moul*y J 
makes a print on the runner which readily identifies the runners alter remov** ■ 
from the castings. ■ 
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•eturning wasters from the dressing shop to the furnaces, core 
ally in the case of brass castings, should be removed. Concerning 
nt of wasters to bring them into shape for remelting, if beyond 
' a striking hammer, a falling weight is effective with all iron and 
astings. A tripod arrangement, as in fig. 170, placed in a con- 
ler of the foundry yard, will prove useful. An arrangement for 
b weight is shown, and the height of drop and weight of ball will 
ed by the character of the casting to be broken. In the case of 
pieces it may be necessary to drill them, in order to assist fracture ; 
aes these and large waster rolls must be blown up by the help of 
tamite or other high explosive placed in drill holes, 
•rass castings are most effectively broken up by building a fire 
, and, when at a red heat, applying a sledge. 

ly, no casting should require breaking up ; but, even in the best 
oundries, accidents sometimes occur, and, though we have often 
ndries which produce no wasters, we have not had the pleasure of 
such an ideal establishment. 




CHAPTER XXIV. 



COMMON FAULTS DUE TO MOULD AND PATTERN, 



It lias been stated in nn earlier chapter that each now costing constitutes 
fresh problem, mid every inouliier will recognise the truth of this statemei 
In iminv occu pat ions the effect (if each stage of the work is shown at 
therefore, any falsi- sti-p may In' remedied before further work is put t 
article. These conditions do not hold in founding, ami the only test 

suitability of a mould is to HI! it with metal and study the results. SI 

the result be VTOIlg, all the work put on the mould has to be repeated, and tb " 
metal of the casting can only be regarded as of scrap value. This necessariB 
demands that every stage followed in the production of a easting shoiiB 
receive careful attention, and more especially the minor stages, for, as a rul 
when a easting is a waster it is due to the neglect of some small deta 
Naturally, the fewer wasters produced the better; but he would be i 
irrational writer who dared say that no wasters need be produced. At any rut* 
practical experience induces a feeling of humility, but it is certain that e 
bad crating is an inexcusable waster if its lesson is not wrested from it by 
determined effort made to lay bare the cause of the failure. Every wast 
should be regarded as a subject for investigation, and, having once found ti^ 
cause, the same mistake should lie avoided in the future. If this is faithfully *-^ s 
followed out, the experience gained becomes priceless ; but, unfortunately, thS^_ -j, 
is not always tho case, and wasters from the same cause occur, at times, wiC — ~*"" 
painful mono tony. j 

A waster may he due either to the condition of the mould or of the mil i 
For the present, we propose to examine briefly some of the more tnrouio^ " 
faults due to the mould or to the pattern, leaving the condition of the mcta-^^ 2 
for a later chapter. This examination can only be general, for each waste! ■"""* 
should be studied under the particular conditions of its production. 

In the first place, wasters are often caused by run-outs, misruiis. or far! 
pours. Hun-ouU, in the case of box castings, may be due to bad joints 
insufficient or unequal weighting, or to bad making up of the core vent. 
excuse can lie offered for any waster due to a run-out, and the fault is simply 
carelessness. When a run-out does occur, no earthly good is obtained by" 
throwing sand at it. A ball of sand should be taken in the hand, seamed into""" 
the joint, and firmly held there until the run-out stops. If this is calmly done, 
the. hand will be well protected by the sand, and at the same time the pressure 
behind the sand will stop the run-out. if the stream is too large for attention 
in this way, the cupola bod stick will probably prove of use, and we have heard 
a hose advocated as useful in chilling the metal and ao stopping the run-out. 
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A still tetter plan in not to have a run out :it nil, sad this condition should bo( 
'';**il\ reached by an ftpprentioe of only ft few months' standing. Kun-outa c 
burst*, in the ease of lonin moulds, maj be nlao classed as preventible, mid, 
^'itli proper attention to the stability of the building, the fitting of cores and 
J°'nt>4, effective binding and solid ramming, they need m'vur occur, li 
Cj *ae of heavy lieddod-in work, the floor, if at all risky, should l>c plated, and, 
J* "iltit attending to downward pressure, side pressure mi the mould should u 
'**-* forgotten. Hence, under certain conditions, it may be necessary to bud in 
s »<le plates as well as bottom plates. 

As with run-outs so with short pours, there is little or no exuui 
I w "iriui.' a casting short. It is not it difficult tusk to estimate the weight of a 
Ci **tiDg to within a few per cent., and, uuder normal conditions, wasters due ti 
**-'*». rcity of metal can be most easily avoided. 

Misrun castings conio under a slightly different heading, and, although 

*^v should not occur in heavy work, still in light work of large surface it 
■ ***-y be difficult to obtain a fully run casting. Large eastings of, say, T 3 fl -iuch 
j. 1 thickness, demand a free running metal, which mint be sharply poured into. 
I *^* mould. Fluidity is a funetion uf composition and temperature ; the latter 
t ^* l »iir uf the greatest moment, it follows that dull metal should never enter a 

'* *iilil of thin section. Hot nietal and quick pouring are the chief remedies, 

I ' *■ 1 these are aided by setting the dd at an inclination or "easting ou the 

_ ,J **ik." This is only applicable when one gate is used. Thin east-iron 
^titles may l>e poured from many points, and the various streams on meeting 

- '!] unite. Thus, fenders are often poured from three hand ladles, whilst a 
^•"Ke mantel mould may require as many as eight band ladles. The object 

'* ' > • >■■] at ifl to [one but metal into the mould from as many different points as 

'^-••SAible, and so quickly cover the surface. The down gates of sueh moulds 

*"*= connected with long sprues, thereby increasing the area of effective 

'"^tiHiico. However, the total area of the sprues should not exceed the area 

* the down gate, or their effect will be lost. 

Whilst separate streams of brass meeting in a mould will unite, the union 
j** i ii.t so readily effected as with cast-iron. Further, in a easHrou foundry it 
" eaoy to place as many hand ladles as desired on any one mould ; whilst in a 
. *M» foundry it is not always convenient to place a series of crucibles at the 
* a t>08ftl of one mould. Therefore, one crucible is made to cover as large an 
L *"°*» as possible, and this often involves long channels and sprues. The down 
ould, therefore, be proportionate to the area of the sprues, and a good 
:i ' i is to place two or more down gates about eight inches apart, making a 
"^^i on the top part to connect them. With large but tbin tread plates, wo 
found this plan very effective. The head should be made to hold slightly 
* '*""(. brass than is required to fill the mould, and the contents of the crucible 
^'''•Miped without hesitation into the head. The same method is also useful 
J**" large oil boxes, which, in point of thickness, scarcely exceed that of thin 

- ****t ; at any rate, we have had them 24 inches long, 6 inches broad by 6 
e «e» in depth, and scarcely ^-inch thick. This, added to an intricate shape, 

the production of a fully run casting no easy task. A series of flat 

the t..p of an oil box, a head on the top part large enough to hold all 

J lt! tnetal required, and instantly filled, are the host aids to a sharp casting. 

A little judgment will enable anyone to empty the right amount of metal into 

BO that the casting and gates will abuut drain it; but, should a 

■'I- 1 '!-, remain in the head, it should bo loosened whilst pasty and before the 

"iocs too strong or ductile. 
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With nil classes of thin work sharp pouring is as essential as fluid meA 
and a dribbling or hesitating pour is fatal 1<j sharp eastings. Whilst a if 

i;.-.i in;; lliaV Hot 1 H* IK'tllilltV llHSVIUl, it IIIJIV s)lOW till 1 jllllL't Mill of tWO StrC» 

of motiil which, though possibly dovetailed one into the other, will still in; » 
the casting a waster. Such defects are termed cold shuts, mid clearly indie*" 
that the metal has not entered the mould at a suitable ln-nt aod with buBi W 
rapidity. It is often the fashion to blame the metal for cold shuts, hut t 
most practical remedy lies in attention to the mot hod of easting, and a solut» 
will he found in quickly covering the surface of the mould with hot uieC-- 
Cold shots represent solidified drops of hot metal, which have been trapped 
the mould and not fused by the surrounding molten metal, if. whan B ■ 
starting pouring, the stream of metal is broken, solid shots are (armed ■ 
injected into the mould. These shots are subsequently trapped by the molt 
metal, but are not always melted again ; hence, on grinding the surface, ■ i i 
round the embedded shot may be shown. 

Other types of defects are found in cores out of truth and twisted easting. 
It is evident that the core should be properly centred in its prints, and 
fixed that it cannot move from position. Twisted or shifted eastings represe- 
nt! aggravating type of defect sufficiently self-evident to warrant a little ntto 
tion to the moulding-box pi us. 

Briefly, the foregoing defects represent the more usual types, and, wi 
tho exception of niisrun castings, are easily prcventihle. The exception m 
forred to requires some little thought and planning, but in most Oft* a can 
overcome without recourse to thickening, a practice not palatable to tl 
customer. Passing from these defects ti> a general examination of the pir 
duction of sound eastings, we note, first. a few features applicable to tl 
mould, irrespective of the type of metal entering it, hi the first, place, dir 
castings, if not actual wasters, are, at any rate, displeasing t" the eye. t 
machined faces dirt is, of course, inadmissible ; hence the plan of easting then 
parts face down ; but the object should lx! to make the whole of the ca&tist 
as clean as possible. Naturally, this object is attained by pouring close 
metal into a clean mould. Not only should the mould be free frum [oO* 
sand, but the facing put on should also Ije such that it will not shell off 
gather in the form of dross in front of the stream of metid. Much atteuti" 
is often given to the mould, and comparatively little to runners and rise« 
Every particle of sand traversed by the metal is necessarily part of the inouW 
and should, therefore, he treated as such. Runners must V' clean, and, wh — 
making up runner, riser, or feeder heads, care should lie taken to preve? 
any loose sand falling into the mould. After a mould has been closed theS 
is not much inclination to open it again to remove any loose dill j li<m. 
double care should 1* taken to prevent the entrance of any. A good plis" 
whore practicable, lies in having cut-oft' risers, and in making heads o\-ci- tin 
any dill falling in does not enter the casting. Clean skimming is neecssarr 
anil, whilst easily effected in the case of a hand ladle or shank, is hardly 
easy in the case of a 10-ton ladle. With small ladles a length of flat ir— 
about IJ inch broad, and turned over at one end to tit the lip, is effecti* 
Large ladles require S|«_'cial skimmers, which arc usually formed by rivettiP 
a fiat plate on the end of a length of iron rod. Such a ladle should, bafts" 
casting, be turned back and skimmed over the lip nut used for pouring. 
layer of parting sand thrown over the surface will, under certain couditiol : 
tend to convert the cinder or slag into a more or less sticky covering, whi* 
is not so liable to be carried over by the metal. Just before easting, the lip * 
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the ladle should be clawed ; an old dry brush will effect this better than a 
few blows from the skimmer's cap. Cylindrical castings are poured on and in 
"I'li'-i- that the ban shall be clean ; mid, in many eases, the mould ia carried 
higher than required, iu order to provide a receptacle for on 
n y the metal Points of note lie in the hot that the metal 
Banna* in the mould must not be sluggish, or the dirt will 
not l.nj carried up. With moulds pounil bv plump i?iit*.'s 
'■'"Hi the lop, each gate tends to break up and liven the 
rising metal ; hence, there is every chance of the dirt being 
'■""light up into the sullago head. Very long canting! 
'' : niiiot, however, be poured from the top, owing to the long 
, r°l> °f khe "r 8 ' metal and the risk of washing. A com- 
bination of top and bottom pouring ia permissible in many 
^**e»; or the mould may be gated, as shown in fig. 171. 
"ere the first metal outers through the lowest gate, and 
,,s tin.' level rises in the mould the upper gates successively 
'-■"die i„to play, each contributing their quota of hot metal 
H1 ']<'li livens that already in the mould. 

Solid circular castings may be gated at a tangent, thus 
'^parting a rotary motion to the metal, which tends to 
*»-*™ the heavy metal to the periphery, and to concentrate 
tl ^-- milage in the centre. The same principle may be 
J^Mlmd with various types of smaller castings by gating 
t, *oiu from a feeder of the type shown in fig. 172. An 
'""■Jinary gate peg is set in the top part, and a connecting 
^•mer, of the form shown, cut in the top part. The 
!?° 1l 'd '* gated in the bottom part from the feeder, and 
''"■ gate should be small enough to admit of the feeder 
^ifig kept full during pouring. Another type of skimming 
S^t* for flat articles is found in cutting small sprues in 
t *- 1 <a bottom port and the connecting channel in the top £ 
''■"■(, thl idea lieing to retain light dirt in this channel and ^ tf} , 71 _ ji ottom 
'*""* only heavy metal to enter the sprues. In fact, all Pouring, with Side 
l . v |».-h of skimming gates are based on the principle of Gatee. 

.■ receptacle through which the metal must pass 
** "i'.i. entering the mould, which will also tend to retain all light matter, 
■'ili.' admitting of the egress of heavy matter. 

R uhrl lilling the mould with metal, dirt may be formed by the waahiug 

^^ttj of any part of the mould face, and, in this respect, thin projecting 

pockets require special attention. Deep green sund 

moulds are gated from as low a point as possible, in 

order to have a gentle wash of metal ; but should a deep 

green mould of necessity have to be cast from the lop, 

linn a dry core or loam cake may bo bedded in the 

mould to catch the first heavy fall of metal. Sprigging 

is also useful for this purpose, and, quite apart from its 

of projecting pieces of sand or green cores, may be applied 

which ii heavy washing action may occur. The debatable 

:losed risers lias a very direct connection with the disin- 
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Generally speaking, with closed risers 
under compression, so that it can only escape through 
This compression tends to hold up the sides and top 



of the mould, thereby, to some extent, preventing the detachment of - ;|!|| i 

In a heavy type of mould this is an advantage, sun! there fi*re nil risers sluml'l 
be aloBed by oay balls, which keep thou powtaon until flatted away by tlie 
rising metal. In a mould difficult to rim, the risers should be open, as a rapid 
escape of air favours a sharply run casting. When risers are left t»j*eii lh*J 
should be of large urea, for the smaller the area the greater the compression 
of tin- escaping air, and, naturally, the greater the tear on the mould. Tin 
origin of the term "whistler" is due to the whistling u»ise made hy the rush 

of compressed air. Owing to the causes noted, it bee u oecea 

sinii' large green sand moulds, to cover them with a dry sand top part, '" r 
a green top part " draws in," that in, sand is detached, partly hy the hesl » 111 ' 
partly by the rush of air, before the level of metal reaches the top. > ll - 
detached in this manner, or by washing, is, of course, broken up and di* trl ' 
butod as an much dirt in the higher parts of the casting. Further, nun " L1 
loosened must lie sharply distinguished from what is technically knowu «*" 
scab or buckle. , 

A scab oti a green sand mould represents conditions which have reta*™j 
tin- eaeape i>f tir and mould gases , in other words, faulty venting, too «"**T 
ramming, or too much moisture it! the sand. Hamming and venting are * 
usual causes, and, in considering the covering of the face of a mould, it ir=». 
once apparent that the air displaced, as well as the gases of the mouli a*- 1 ' 
sand, must escape downwards through the sand. This escape must lie ^*^.. 
and uniform at all points of the sand below the metal. Assuming that -*^ "** 
is si j, then the gases readily pass through the sand and the metal lies quie^ 3 '? 
on the sand face; hut if even one part of the face is impervious to the pasw — *P 
of gases, then, as downward movement is forbidden, the gases n» "" 
necessarily bubble upwards through tho metal. Local bubbling of iS^ nlB 
character works on the sand and detaches a piece corresponding in siiw }~ 

the hard or uuvented area. The face of the easting is then disfigured to ' " 

extent of the sand detached, and tho loosened sand is distributed as C-, 
through the easting. The remedy in such cases la self-evident. As *"* 
metal has to lie ou the bottom of a mould, this should always receive "" — " 
most care in venting and ramming ; straight sides are usually eoniparativ *''■ 
safe, but, if the sides contain any narrow projections, these should be special- J ^ 
vented, or scabbing will occur. It haa been noted that projecting parts ^^\ 
liable to wash ; hence a tendency to make them harder than is desirable ;* . 
efficient venting. Over-anxiety in either direction will produce a bad rc8 U_- -~* , ,'. 
therefore, the happy mean must be chosen, and any part of the mould lia^^'rji 
to scab should he made sufficiently compact to resist wash or pressure of th. ■* (| ( 
metal ami yet kept sufficiently porous to admit of free and uniform escape . r , 
gases. Scabs in dry sand or loam moulds can, in the majority of cases, . ), 

traced to insufficient drying ; in other words, to the presence of steam whi *"„ „ 
cannot escape. A difference between these and green sand seabs is oft^^J^e 
found in the fact that the loam or sand face is just turned over and c -~""j£ « 
detached piece is not broken up. Such a defect constitutes a buckle, and, _- »t 
tho cold casting, the dirt will all be found together. The remedy is eflieie^^^jg 
drying, but this should not be interpreted as a burnt mould; all that ^- »t 
necessary is the expulsion of tho whole of the steam present. Dry sand ^^\^ f 
loam moulds should always be bone dry, although, hy the very exigencies ^^J_^ 
work, such moulds are often cast with steam freely escaping. The practice J 

risky, and can only be successful when the steam or vapour present has a--^J 
uninterrupted escape through the mould and not through the metal. ^* 
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steaming mould should never lie allowed to go cold before casting, i>r the 
vapour will condense, and the uiuuld will then lie in a far WotM stale than i 
{green and one, and the beat plan of all is to give the mould another night's 

Mtlivillg. 

I'nrnsitv in tlie imiiild or cures is tlie chief solution of many of the defects 
met with, and this aspect has been fully noted in other sections i>f this work. 
A porous mould will readily take care of the air displaced by the metal and of 

t lit- ^':isi's jreilC'i'iitcd I iv casting, but it "ill nut remove itny gases contained ill 
tb'.- metal before easting. Heme, blowholes are divided into two classes: (I) 
those due to the mould ; and (2) those due to the metal. In this chapter we 
consider only those due to the mould, ['l-aetically, any .source of disturbance 
which leads to bubbling will result in the t nipping of gas bubbles. The souree 
of u blowhole is, therefore, the same as that of a scab, but in the latter case the 

• listurbance is sufficiently violent to tear away the sand and thus offer a route 
f. ii' the escape of gas. Blowholes, when present in iirey east -iron or brans, are, 
iii the majority of cases, due to the mould, not to the metal ; and with green 
sjunl moulds especially, a hard or too damp mould is morally certain to blow. 
Thin applies to the mould as a whole, or to parts of 
it ; local hard or wet spots give the same effect. 

Sncli B case is Illustrated in fig. 17:). where it will 

la.- noted that the upper portion of the fracture is 

honeycombed with blowholes, the lower portion being 

comparatively solid. Here, sufficient moisture has 

been present to cause bubbling from the bottom, the 

gas bubbles and shots of metal having risen to the 

t..]>, where escape has been retarded by a solidified 

outer crust. As a final result the bottom of the 

(Mfltmg, "here the disturbance originated, is solid and 

free from blowholes. The wet spot typified in fig. 

173 represents excessive dampness in one [Mirtion of 

tlif mould, anil not wet in a literal sense of the word. , 

-Naturally, had the mould been actually wet, the fluid 

Ousts] would have l>eeu violently ejected by the sudden 

-"''iiiTMiinii of steam. However, sufficient was present to cause (lie effect 

"l OWti Local ban! spots on the fai f the i Id have a very similar effect, 

•"ti-vpt that the distiivbanie i- due tu the niai-esejipe of the gases of the 
'"■■'ill. and not to the formation of steam. Apart from the condition <if 

* '**' land, mould or core, blowholes may originate from the presence of 
' "' ' mt metals, for example, elmplets in the mould. Fig. 17+ shows an actual, 

**«-»«nh somewhat unusual, type of such a blowhole. In tiiis instance it 

W l>e noted that a screw has been east in by leaving the head projecting, 

. *l this bend must have been either damp or rusty, hence the blowhole. 

1 ' ' iili'i k. auv metal forming part of the mould, for example, chills, spindles, 

"''>*. etc.. will, unless free from rust Find moisture, give rise to blowholes. 

Kaing shafts is most commonly practised in brans foundries, but, ipiite 

l* 1 *!! from the metal or alloy employed, the metallic core must not only he 

E?*fcctly dry but must also be free from rust, which is a chemical coinliiuu- 

"*'» of oxide of iron with water. Rust or scale, quite apart from preventing 

contact, will, under certain conditions, give rise to the formation 

■ bir-h, trapped within the metal, results in blowholes. The practice 

Of a clean motallie core or chill is therefore good, and in dry sand 

■ licidlv always leads to success. Willi a ureeii sand mould the 




20(J 



GENERAL FOUNDRY PRACTICE 



introduction of a warm core or chill stimuli! be quickly followed hv I'a-uo'J- 
otherwise moisture will condense and blowholes result. Practically, ifc**" 
blowholes in grey iron or brass castings arc u»m»tvj in i hi- majoni > 
i>y (a) the formation of steam, or (/•) tin.' impervious nature nf 11 part H t'"' 
whole of tin' mould to the passage of gases generated in the mould dori<*S 
casting. Blowholes in steel mid white iron castings may be due to A* 80* j 
dition of the mould or to the condition of the metal, hut it is always w«">' 
to ho certain of the mould before blaming the metal. Thin am he ropd**3 
assured by the ij^MIHWe of the blowholes themselves, as those dm' ■* 




the mould always show oxidation tints, Li Heel of which, from a colo*- m r 

point of view, are very pretty, but from a moulder's point of view are ve<"J 
bad. Gone absorbed during melting, and liberated on solidification, gri"*"** 
bright blowholes Free from oxidation tints. 

Faults due to the pattern represent n practically inexhaustible topic, I '»** 
in the majority of canes may he simply expressed as due to a departure li«.i*™ 
that canon of foundry faith, gradual change in thickness of section. Famil " : * r 
examples of abrupt changes in thickness of section are often found in *>■■* 
junction of flange and bodies. 

Hydraulic castings in gun-metal, steam and water casting* in brass ' 

ateel are especially guilty in this rcsr*^ - ' , 
and it is no unusual thing to see ll u 
a thickness out of all proportion to th«t> 
the liody of the casting. Hence, uttcqw 
shrinkage is bound to occur, and the « mil *' 1 
part of such a casting will he the junctS " *.,. 
iudicated by arrows in fig. 175. A vaB* ^ 
Fio. 175.--Flnngoancl Body. body of this type, in which the Haugc bs ■■■ _ s 

a ratio to that of the body 0-1 4 to !, is v.— * : v 
likely to leak at the junction when tested by water or steam inn*** ^ 
pressure. Similar conditions prevail when heavy bosses are cast on ligr" 



. •■■' 



I.i-lie-, and the junction of boss and Inxly offers a very favourable locality 
leakage when under pressure. When possible, a core through sucli a I.-- I 
oiler material assistance in unifying the shrinkage rates. All sharp corned" , 
should be lillcted, and junctions, such as tig. 175, if left on the pattern in th "5 

form, would be filleted by the moulder. Suitable filleting is of a-<sisi M 

remedying faults of design, and when practised should, be followed with t^" 
one object of minimising abrupt changes. In experimenting with hea' 
flanges, in which the ratio of flange to body was 8 to 1, we have obtaii 
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in which (lie flange win, completely severed from the body; this 
rvenrrcd even in :i green sand mould with ■ filleted junction. Ill other coses, 

ntnl-1 mi actual tenrance was nut olitainoi], ji series of fine boles, technically 
kimivii as "draws," were shown around the junction. 

A farther aspect of the same iiueslion is I'mmd in crystallisation: if, during 
ling, conditions arc present which affect the crystal growth or cause it to 
t:ik>' ii particular direct inn, such retardation may give rise to planes of weak- 
ss, if not of actual fracture. As an instance, a rectangular outing 
i tonally shown in Bg. 176 may be cited. In cooling from a molten condi- 
tion, the four angles containing the greater mass of metal are the lost to 
y olid if j. The crystals will lake their direction from the cooling surface; 
lnii.i'. a disturbance i> naturally to be expected in the oomen; not mily so, 
I .ut each plate in process of cunt nut ion will tend to approach its own centre, 
fjbantrj further weakening (he corners. Kvidcutly, then, these angles, when 
t lo i-iisting is suhjer'teil |u hydraulic press 1 1 re, will offer eliiiunels which, 
(..lioiigh exceedingly minute, are none the less effective in permitting the 
water to the exterior. This is intensified by the fact that the 





r'10. 17ft. - Kfotoiixuliii ■( ''listing. 



"''"'i ii;J water pressure tends to force the plates outwards or away from each 
"tl,,. r> ( | |1|s (.^.[^(.nttiug the structural weakness of the angles, and ini|>er- 
^'Ptiljlv widening the p:,ths along which the penetrating water travels. This 
ls 'Hilstratcd in tig. 177, the internal pressure, acting in the direction of the 
'' ' ' ''« -i, tending to intensify the already porous structure of the corners. 

'1'he foregoing aspect lias hoeti noted, since faulty design shows most in 

.i eastings subjected to water or steam tests; and it is often Dot 

"""'' i-ntlv realised that, when under such a test, the casting is temporarily 

I by the internal pressure, an effect which intensifies any local 

' K ' r "nitv. Generally speaking, it is harder to meet water or steam tests than 

""'''himiciil tests, because, in the one ease, the whole of the casting is tested, 

>l--l in tin 1 other mily ;i straight liar, which may or may not lie cast <. 
'"■'Mi 



. 4og, At any rate, when the i 

" ''' I'. i':mlt v design or moulding ' 



iiplete rnsting is tested, any local defect 

B __ .it once shown up. When a mating fails 
i;i ni steam, the leakage or sweating is due to inter-crystal line 
'"'riRiiv. Molecular porosity is a myth so far as commercial castings are 
'."'ninii'd. The ideal casting will, therefore, he one which passes from the 
"f'liil to the solid state at a uniform rate in all parts, and one in which 
w, 'i'l contraction is fully shown without developing any stresses, the result of 
' "'Mr,,, linn, or particular routes caused ley crystallisation. The metallurgical 
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aspect of this will be considered later; tlie moulding part of it is found 
obtaining an equal rate of cooling throughout. This sentence practical 
covers ail that the moulder can do, and various aspects have already 

noted, but, without repetition, the following features may he meuti -d :— 

So far as the general run uf eastings is concerned, the chief aid toequalisii W-' 
the rate of cooling lies in the application of chills to the heavy parts. Ttt ie 
converse of this method consists in keeping the thin part of the casting hot, Mfc-*^ 
as an example, the following method ma; Ik; quoted: — Pulley castings wi*^ 
very light rims and heavy anus may, immediately mi solidification, have the top 
part removed and a trench dug round the rim, hut separated from it hy- » 
li-inch wall of sand, care Iwing taken not to expose the rim. This treuc?" 1 ' 
filled with molten metal, acts as a heat reservoir for the thin walls of the n**** 
and to some extent tends towards equalising the rate of cooling. Oth cr 
methods, having the sanio end in view, consist in exposing heavy parts of t ■ v' 
casting, and allowing air to play on them, whilst the lighter [>urts nu» !m - IU 
covered by sand. The sand round a heavy boas may, on completion of fecdi>~* £' 
be removed, and water sprinkled on the Ih>ss ; for instance, the lioss core of _ * 
heavy fly-wheel may be dug out, and water used as above, and this method * * 
often prevent contraction stresses developing at the junction of boss mid an 11, 
A wider application lies in the circulation of water through the core of „ s 
heavy casting, as was customary m the days of east-iron ordnance. Uy tl*** r 
method the water does not come into actual contact with the casting, and. " 
generally applicable, would have many advantages. Unfortunately, the metl****^ 
is not applicable to varying classes of work ; the expense of fitting up pip*^> 
for each separate job, and the risk in the case of leaking joints, are its ef**^ 
drawbacks. However, whilst the circulation of water through the core of ft 
casting possesses certain possible advantages, the actual application of wea-*-* ?r 
to a solid red-hot casting should only be adopted tis a last resort to wni" 
hopelessly designed easting. Types of such castings are by no means »"*"* 
familiar in many foundries. Whilst the properties of certain brasses .. 
bronzes are improved by water eooling, such treatment in the case of cast-i 
and steel is, owing to the sensitivity of iron ami carbon at high temperate! 
not advisable except in the direction indicated, linder these conditions 
cooling water should be applied by means of a water brush or swab, and "*-" 
outaide of the casting should bo allowed to become partly reheated by draw 
heat from the hotter centre between each application. ^^ 

As a final ivord on patterns it may be noted that the balance of a pattes^^^ 
should not In.' thrown out by the gates. Thus, in the case of a symmetry - -' 
casting, the gates, which are part and parcel of it. may be cut in such a fashS- ^ 
as themselves to develop contraction stresses in the easting. The authors 1^- ~_ jjj 
this fact very forcibly impressed u|»ui them by the loss of a large brass tre ^^re 
plate which cracked across the width in cooling. As comparatively larr" ~^%]- 
runner* it ud sprues had to be used, and as only one large crucible was av^^^' .<, 
able, the contracting gates on one side simply pulled the casting in ti- ^^Qi . 
Under the same condition a grey iron casting would have hopelessly warpe^ 5 -" ~ , 
The remedy lay in cutting dummy gates along the opposite side to that Si "^ ,j 
which the casting was run. Therefore, if the casting has to be thrown out ^ 

balance by the gates it should be brought in again by cutting dummies * 
neutralise the effect of the gales. 

including this chapter it may be noted that wasters often arise 
apparent causes ; there must, of course, be a reason for every waster, 
point is that the reasons may not l>c known. Whilst writing this 
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r e had this truth forcibly demonstrated. An experiment in which three 
p with heavy ends and light centres were made, and cast under normal 
y conditions, showed contraction flaws in two of the castings, whilst 
ird was entirely free from such flaws. Apparently, the three should 
shaved in the same way ; in point of fact, they did not ; this is typical of 
ihat happens in foundry work. The moulder, having done his very best, 
, in the event of wasters occurring, use them as a means of research, and, 
; found out the cause of failure, he has, in future work at any rate, one 
ling-block removed. Care and thought will save much trouble, but 
are should never extend to over-anxiety or nervousness. In our own 
mce we have found nervousness responsible for as many lost castings as 
sness, and therefore that golden rule of the happy mean should be aimed 
very case. 
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MALLEABLE OB WBOTJGHT-IBON, STEEL, CAST-IBON, AND 

MALLEABLE CAST-IBON. 

The basis of all these materials is the metal iron, modified by the amou 1 ^ *J 
the combinations, and the distribution of the impurities, and by heat &**** 
other treatment. The metal iron has been obtained in its greatest perfecti^ 1 * 
as to chemical purity by elect roly tic deposition ; and, probably, the pur^^T 
sample known was that obtained by Dr Hicks and Mr L. T. O'Shea, in wki*** 1 
no trace of impurity of any kind could be detected after heating the 8amp^ e 
to a red heat and cooling it in the air. The authors have had the pfivil^P 
of experimenting with a portion of this very pure iron. The sample ^'** s 
bright and metallic, very brittle as taken off the cathode, owing to a 8tro**j? 
crystallisation at right angles to its surface ; but, on heating and coolings * 
became tough. It is soft, and can be easily cut with scissors. Both bef** 1 ^ 
and after annealing, the iron easily scratches calcite and only scratches fl.***? r 
spar with difficulty, being scratched by fluor spar, so that its hardness ** 
certainly more than 3 J and is just barely 4 on Mohs' scale of hardness. m . 

The purest iron that can be obtained in quantity in commerce is Swed****j 
wrought-iron, the best samples of which contain only 0*04 per cent. combi*r*^P 
carbon, 0*02 per cent, silicon, 0*07 per cent, manganese, 0*02 per ce^**;* 
phosphorus, 0*02 per cent, sulphur ; and are thus of over 99 '8 per cent. pur»^5 * 
It is extremely soft, malleable, and ductile. When tested in tensioi* * 
takes a permanent set when the stress reaches about 1 2 tons per square it** 5 * 
l>ears a maximum stress of about 20 tons per square inch of the or ig**^ft 
section, and a test piece 2 inches long x *564 inch diameter elongates 50 to *f 
per cent, of its length, and contracts at the point of fracture 75 per cent* i 
its original area. Professor Arnold, in experiments on the properties of fft^f 
castings, has melted some of this pure material, and made it into casting^ 
almost equal purity (99*81 per cent. Fe, 0*07 per cent. C.C.), which gave *'** 
following tests : — 



Tons per Square Inch. 



Elastic 
Limit. 



As cast, 
Annealed. . 



107 



9-1 



Maximum 
Stress. 

19-8 
19*2 



Elongation 

per cent on 

2 Inches. 



30 
46 



Reduction 

of Area 

percent 



89 
65 
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ie corresponding figures for the forged samples were l-J'-l tons elastic 
29 boui maximum stress, 47 per eeut. elongation on 2 inches, and 
er cent, reduction in area. Best Yorkshire iron, a wrought imn i it- 

test native ores ami special fuel, tnav U 1 exemplified from 11 lytVt analvsis 
■at of Famley iron. Its composition is C.d 0-05 ; Si, (H ; Mn, 007 ; 
2; S, 0-01 ; under tensile test elastic limit }$ tons per square inch; 
nun stress ti»\ tons : elongation 39 per cent, on 2 incites ; and reduction 
t 51 per cent. Best Staffordshire iron tested on I inch round stood 94 
er square inch maximum stress, with .10 per cent, elongation on H inches, 
5 per cent, reduction in area. While very common or poor quality 
lo in. ii niriv contain 0-3 or even 0-~i \«r cent, of phosphorus, and l>renk 
rt tliat, while its tenacity may I* lower than that of the purest iron, 
mgalion and reduction of area may be under 5 per cent. 
esc it re tramples of wrought -iron, which, as a general rule, contains 
phosphorus than a similar steel, although Swedish wrought-irou is an 
ion ; generally, also, less manganese than in mild steel, the only material 
ihich it may be confounded ; and may have the same amounts of com- 
iinl.'.h. silicon, or sulphur. Hence, chemical composition, though a fair 
cannot he relied upon for a definition of wri night-iron, 
.'-iron is generally defined as the crude product of the hlast furnace, 
i the phrase diX's not seem to give sufficient credit to the very high order 
I and care at present bestowed on the blast furnace to obtain materials 
-designed composition, it. would perhaps lie la-tter to define pig-iron as 
■tallie product of the blast furnace, as cast for convenience in handling 
form of a sow and pigs. When this material is subject to reiiielting 
isting only, with merely the changes that may inevitably take place 
[ the process, it is called cast-iron. Cast-iron, of all the commnvial 

"i in .s"d in comparatively large quantities, has the greatest amount 

inritii's, containing generally from 2 to over 4 per cent, of eurlion, 0-1 
r 3 per cent, of silicon, with very varying amounts of manganese, 

r, and phosphorus, an average pig or east-iron t laming from H Ui 

10 per cent, of impurity, and therefore is an iron of 95J to 90 per cent. 

■ought-iron is the type of the purest commercial iron, cast-iron of the 
mre, hut the most characteristic difference between the two is that 

of wmught-iron of practically any size may be hammered or rolled at 
B temperatures down to the smallest sections, while cast-iron e*B in'illier 
uncred nor rolled at any heat; in fact, it is said to lie not malleable, 
iiacity of cast-iron varies from about 5 to 15 tons per square inch, or 
■plional rases even up to IK tons, with practically no elongation or 
.,,■ ,,;' ,,i- i. 
■■•I is something intermediate between these two. The amount of 

it may contain varies from fVcli less than 0] per cent, up t" at least 

igain, it is seen that the amount of carbon present will not 

ni-li between steel and wroiight-iron on the one hand and between 
ml i ast-mm on the other. Steel, however, should be malleable, and so 
ble that comparatively large masses of it may be worked down into 
sections. Thus, a true application of the malleability test separates 
10 from nroughl-iron and steel. In early days any iron material that 
be forged, hardened, and tempered was called steel; but, when the 
iral product* from the Siemens furnace and the Bessemer converter 
1, they also were called steels, although they will not sensibly harden or 
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temper. An attempt has been marie to call these and similar pro du c t a iagd 
irini, but the name steel for these is too widespread, convenient, and trail kini*» 
t.i he easily changed. Another attempt has lieen made to classify acvonlii^ 
to the percentage of earlwn contained. This also seems doomed t>> fiiiln" 
1>y reason of its non-compliance with the usages of eotmnousense anions 
those handling the materials. Tims, it wns suggested that all materials co»^ 
taining over 2 per cent, carbon Vie called cast-iron, while the authors at' 1 ' 
many others have made tons of steel for the open market that ma free 1-3 
malleable, being hammered from .'t-iiieli square ingots to liars, say. '.'A inches •** 
i-inch, could be hanleneri, tempered, and softened by annealing without tl»-* 
production of free carbon as amorphous or annealing carbon, and yet i 
i.ver 9 pet cent, of combined carbon. That this material should be classed 
as cast-iron is manifestly absurd. Malleabtfity of this degree is the charade- "*" 
is tic feature dividing east-iron from wro light-iron and steel. N<>t I 
yet bean Stated that will distinguish between wrought-irnii and some steels**' 
Demi mild steels may have oven less than 0*1 per cent, of carbon. wliiaV— ' 
ordinary commercial wrought- irons often contain up to 02 or even 0'3 pe^*^ 1 " 
cent, carbon. Wrong ht-iron, however, as such, has never been in a molts •* 
condition. It is produced by the puddling process ; and, although the pijasSE 
iron from which it is made has by certain processes been molten, still Hi -•*•" 
iron " comes to nature " an small particles in a pasty condition, is gathero-a*^-' 
Kite balls, and the particles welded together by hammering or by prcsaiin-T— ■ 
Thus, there always remains some slag or cinder, which, oven in the purest (w ^ 
Swedish wrought- irons, is a characteristic feature, and plainly visible nude- "•" 
the microscope with suitably prepared sections. Mild steels may, occasionally-' - 
contain involved cinder ; and sulphides, under certain special conditions, ;ir«-' 
difficult U> distinguish from cinder, but with care may lie so distinguisln'1 
while in the case of wroiight-i rons undoubted cinder is always present. Win; m i 
wrought-iron has licen heated in charcoal for several days it becomes lilisii- t 
steel. It still contains the cinder, but has taken up sufficient carbon to eua!>l *" 
it to be hardened and tempered, and is malleable to the degree already mil • - 
aatad. There yet remains malleable cast-iron to be considered. lanUeabhlc 
cast-iron has been cast as a hard white cast-iron, and either the eombiWB 
carl ion partly or wholly changed to free carbon, or a large proportion uf tli*" 
carbon actually removed by annealing processes ; the resulting comparatively 
small casting being in many cases sufficiently malleable to U> drawn out un'^*" r 
the hammer, but not sufficiently so to be worked down from large masses *?* 
small sections. Some of these malleable castings are made of such a eou'-p*-**' 
tion, and with such treatment, that they can lie forged, as mentioned, and **y*' 
hardened and tempered : still, having been east as white cast-iron, and l "■, 
remit obtained by heat treatment, the general verdict of the trade woulf' . 
that such articles are special malleable castings, and do not come under ■( 
heading of steel. Such materials might have been aptly called aemi-atef *V ., 
* the Americans had tiot already applied the term to cupola metal obtained ^ 
melting east-irou and steel scrap. Good steel should never contain any f**' 
earlwn, either as graphite or amorphous earlwn ; while free carbon is a el J * 
acteristic feature of malleable castings. It will readily be seen that * . 
classification is no easy one. and that, as in all cases of one substance awayj* 
into another, lxiundarics are the subject of much disputation ; hut t '" 
matter has been given with a fair amount of detail, as free from bias as p* 
aible ] and with an endeavour to represent the meanings of the names as I la'. 1 
pra understood by the vast majority of makers and users of iron and M - 
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lodifications. The above points must not be passed lightly over with the 
lea that names matter little, for these very names must be used in writing 
nd speaking of the materials, and should be capable of giving clear ideas 
rhen used. It would be inconvenient to enter into an elaborate specification 
ach time, and a careful study of the difficulties of the case will result in a 
etter knowledge of the types of materials available. Withal, many will 
xpect a specifically worded definition for each of the varieties, and this will 
ow be attempted. 

Steel consists mainly of iron, with varying quantities of combined carbon 
0*05 to at least 2 '25 per cent.), silicon, manganese, sulphur, phosphorus, and, 
i many cases, other elements; it can be forged from comparatively large 
[lasses into the smallest sections, and either it can be hardened and tempered, 
r it has been poured direct from the fluid state into a malleable mass. 

Malleable or wrought-iron consists of the same materials (combined carbon 
enerally less than 0*3 per cent.), always contains involved cinder, is eminently 
aalleable, has never, as such, been in the molten condition, and is not sensibly 
i&rdened when heated to a good red heat and quenched in cold water. 

Cast-iron also consists of the same materials (total carbon generally 
•etween 2 and 4 per cent.), but it is not malleable. 

Malleable cast-iron has been cast in the form of a hard white iron, and 
iiren a degree of malleability and toughness by subsequent annealing, during 
rhkich either the carbon is partially eliminated and the remainder partly 
ombined carbon and partly amorphous or free carbon ; or, the amount of the 
arbon is scarcely altered, but the condition of the bulk of it is changed to 
naorphous or free carbon, and the remainder left as combined carbon. 



CHAPTER XXVI. 

CAST IRON. 

Pig-iron. — Pig-iron has already deen denned as the metallic product of t*V 
blast-furnace roughly cast for convenience into masses known as pigs, ai* 
cast-iron the same after being merely remelted and poured into casting^ 
without necessarily any intentional alteration in composition, the actu**^ 
alterations being, as a rule, only those that inevitably accompany tb*' 
particular process of remelting used. 

When pig-iron is melted under oxidising conditions to decrease, or ever* 
almost to remove, certain constituents, as, for instance, silicon, it is known 
as refined cast-iron or sometimes merely refined iron. In certain cases the 
purification or oxidising action is carried so far and under such conditions as to 
remove practically all the silicon, manganese, sulphur, and phosphorus, leaving 
only the carbon, and this product is known as washed metal. To give an idea 
of the extraordinary degree of purity attained, tho following experience with 
one of the earliest samples of the special American washed metal received from 
Mr E. L. Ford is worthy of record. It was drilled, and the drillings distributed 
in the laboratory so as to give, in the end, at least duplicate determinations of 
each element. Silicon and manganese could not be detected, the yellow precip- 
itato indicating the presence of phosphorus was not weighable, sulphur showed 
about 0*012 per cent., and the combined carbon was returned at 3*25 percent. 
Two qualities were at that time offered for sale, and samples of the better 
quality lxnight in the ordinary way of commerce differed but little from the 
results given, namely, combined carbon 3£ per cent., sulphur 0*015 per cent., 
manganese, silicon, and phosphorus a mere trace. Cast-iron generally contains 
more carbon than steels ; although, in a very small minority of cases, steels 
are made containing more carbon than an exceptionally small quantity of 
cast-iron. Although these cases are exceptional and insignificant in quantity 
yet they serve to emphasise the fact that the amount of carbon present is not 
the essential difference between cast-iron and steel ; but that the essential 
difference is that cast-iron is not malleable, while steel is malleable. Although 
the American washed metal is practically pure iron, with about 3^ per cent. 
of carbon, the purest example of cast-iron untreated from the blast furnace 
is the Swedish white iron, a characteristic sample of which contains about 
4 per cent, of carbon and small amounts of silicon, manganese, sulphur, and 
phosphorus, a typical analysis of one of the purest brands being combined 
carbon, 4 per cent.; silicon, 0*2 per cent.; manganese, 0*3 per cent.; sulphur, 
0*02 per cent.; phosphorus, 0*02 per cent. Practically, all the carbon is 
in the combined form, and, neglecting the small amounts of silicon, manganese, 
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■ulpbur, and phosphorus, present, l.lu- material consists of uiioiit 5:) per cent. 
if the carbide of iron Fe.,C as eementite, containing 6'7 percent, of carbon, and 
uiving practically ;i hardness nf 7, equal to that nf ijuart/. (j/ntiiiM of silica sand) 
■r of Bint ; anil -13 percent, of the constituent pearlito, the tatter practically of 

[ll>.* Ilil(lll , i* nf .1 I -est ijllillitv si eel I'nl' e,ili| si'tts Ill ihlll'dened. These constituents 

iiv vi y evenly distributed, mi'l so line that thcv can only be properly seen by 
be aid of a microscope (see fig. 235). A consideration of the oaten of its cou- 
.titnoiits will, however, make clear the position of this material ilk the hardest 
.lining east-irons, as also tin- fact that with skill and care it can lie drilled by a 
irnperly hardened steel drill of special quality, as the hardened steel drill is 
Utirely composed of constituents of hardness, 7, or equal to that of flint, 
'nibably tin 1 U'.'xt in point of purity that has rome within the practical experience 
f tin' authors wasalsn ii specially pure Swedish brand, extensively used for some 
lurtioolat' commercial work not connected with tin- foundry, This iron mu -"It 
j the fih', difficult lii break with the sledge hammer, and, when broken, 
bowed a fine grey fracture : whereas, we have seen Unit the other *U hard, 

irittle, and hud » white fracture. On analysis this pig proved to lie of a very 
ion nature, but the cartion was mainly in the form of graphite, the mimganmn 
whs only (H per cent., the sulphur and phosphorus as before, and the silienn 
i-t;i) [vi rent. Another Swedish iron, emit aiuiitg practically the name amounts 
if sulphur and phosphorus, but with '3 per cent, of mangnnnm and 1 per cent. 
i dlioon, ma also soft and grey, with a fracture almost exactly the same 

Stlii- other, ami had QMWt of its carbon in the fret! OT graphitic form. As 
th the white iron, consider the constitution of the grey iron as nvealad by 

the microscope. Plates or crystals of graphite exactly similar tn the ordinary 
phjmbHgO OP Hack lead of commerce, with a hardness of about 1 to "J, thai, is, 
.1, li.-d I iv the thumb nail. The main mass of the material is ferrite, 
which ■niit-iiiis most of the iron and nf the silicon, and is as soft *is ordinary 
wrought iron. A small portion, the pearlite, mentioned in discussing the 

vhite pi-.', practically i iplctes the scries, and the whole constitution shows 

inw it is that the grey iron is so typically soft. 

All these pig-irons, having lieen cooled at substantially the same rates, run 
ii hIkiuI the Kinie lcm-io rat ure, and been miule by the same process under 

mobr ■■ litions, it will lie evident, on thinking well over this simple case, 

n iron and 3j to 1 per cent, carbon form hard white iron ; that the 

of sili i determines the ]i1-er:iti<>n of free carl is graphite, us 

- HuQMi the 0*6 per cent, silicon grey pig ; while the series ai least suggests 

■auese has an opposite effect to t tint of silicon in this matter, and 

.■nils to keep the carbon in the combined form. Taking, for the moment, the 

mire ordinary amount of 0*3 per cent, manganese, if the O'S per cent, silicon 

Lite iron and the 1 per cent, silicon gives a grey iron, then about a 0*5 

•II ion pi^' of this series has a curious Fracture, small portions of grey 

tOtUfe alternating with small portions oF white fracture forming what is 

phically called ottled pig-iron. As with the Swedish charcoal pig- 

100 •eries, so with the coke series of this country. S e pig-irons have an 

utirely grey Fracture, others are completely white, while others intermediate 

Muse have a mottled fracture. The corresponding compositions, 

veil with regard to silicon content, are not the same ; for in an English 

i riis the grey of a similar fracture would generally contain over 

"i.., the mottled almnt ;' per cent., and the white about ] per cent, 

,1 sillinli. 

There are Other important differences, which will be taken in detail later 



iii this chapter : but, ;it present, it is advisable k, remember those three tjf" 

of pig-iron — grey, mottled, and while. 

Although the members of thp aeries of pure Sw-e*lisli pigs checn t" 
introduce certain fundamental principles arc seldom used in the foundry in 
eMt iron, yet, by reason of their purity, these very principles are less difficult 
In follow than when results are modified by other elements preseut. Ming 
the hematite as tlie next example, we have an illustration of the general run of 
thing!" in other aeries of pigs. We see the usual alterations in the amount**' 
[he nrieus: elements as we descend the series; and, altogether, the tsbb™ 
figures given is worthy of very careful study by those who would btHMDt 
familiar with what to expect from different grades and qualities d pip-iru" 
■TaihiMn The toUovmg tabic was supplied hy the makers of the Caniforlh 
brand of hematite as representing typical compositions* of their variu'is 
numia'rs : — 



1'ni-ln. 



No. 


(.iru|iliili(' 


C'.nil'irii'il 

Q 


Silicon. Manganese. 


Sulphur. 


Phot- 

|,!inriK 


1. BeaMiiier, 


8«Q 


O'SO 


20 to 3 1> 


01 to0'3 


Truce 


■02 I" « 


2. 


3 '30 


0-60 


2-0 to 2 '5 


0-02 




3. 


3'10 


0'80 


1-Stoa-o 




o-o* 




3. Foundry , 


3-80 


0-60 


2 to 2-6 




0t)5 




t. Forge, . 


2-f.O 


110 


ISO 




0-08 




6 


2-10 


1-30 


1*20 




o-ii 




Mottled, . 


110 


1-80 


0-70 




0-15 




White, 


Trace 


3 '00 


0-30 




0-20 


" 



It will be noticed that the silicon content i>f the pig-iron diminishes in * 
fairly regular manner from No. 1 grey to white, that the manganese ■'"' 

phosphorus are almost steady throughout the series, that the sulphur tends ** 
rise and is at ■'! and often O'.'l in the white iron, while the C.C. also increase* 
from No. 1 grey to white. For coke blast-furnace practice these results **"^ 
fairly typical, and perhaps a few words of explanation cm the causes of th*-* . 
differences would help the memory and aid in avoiding pitfalls. With nor""*,, 
iimounts n[ phosphorus Mini manganese in I he uiv, practically all the phospli*' 1 "* 
and a large proportion of the manganese in the blast furnace charge pass >'* | 
the pig. Taking a slag that would produce a No. 4 pig, if more lime be ■*?2l 
a. more Iwutie and less fusible slag will be formed, more coke and a hijT**^,, 
temperature will be required. The higher temperature tends to reduce if 1 ' J 
silicon into the pig, and the more basic slag, more completely to | l ' vV '". |l 
sulphur passing into the pig by holding it hound in the slag. Similarly, *" ]f 
conditions which produce a low silicon white iron also admit of a high sul|>'* j, 
content in the pig. The Swedish series shows no such rise in sulphur in ' '**"^| 
white irons, but it must 1* remembered that their ore as it reaches the r ''**^, 
furnace is almost free ; and their fuel, charcoal, may be said to be quite f fj, 

from sulphur, so that none can pass into the pig-ir as compared with 

blast furnace coke, whieh is difficult to procure regularly with (est 
percent, of sulphur. Hence, to obtain a white iron low in sulphur in •','* 
ordinary practice of this country it m necessary to refine a grey iron, 1' ' 
have still, however, one native charcoal cold blast pig-iron produced "' 



iil-'H;cnil. brand "The Lorn," and its grey and whit* iro 
rially analysed for insertion here. 

"Lome" Enrlish Charcoal Cold Blast I'm. 



a.. 



Although in pigs of small section, this grey iron had a beautifully regular 

grey fracture, with no sign of mottle in it. 

In all the different brands of pig-iron made from different types "f ores 
there are certain general principle which must be rememb er ed in 
■ i a fair idea "f I lie material available. The percentages of silicon, 
iiilphnr, of graphite, and of combined carbon, vary after the same fashion, 
I with a similar kind of intcrpendencc, as is the ease in the he mati te scries. 
A.s nearly nil tin' ph<isph-»-us in tbt.' charge posses into the pig-iron, the 
rentage of phosphorus in the various numbers of pigs is fairly constant, 
is, the phosphorus in Staffordshire All Mine pig (that is all ore, no admixture 
[inddler's cinder in the iron producing part of the burden) is al>out 0'6 ]>er 
t., in Yorkshire about 0*7 per cent., in Scotch 0*7 per cent., in the pigs 
ii the Northampton and Lincolnshire ores about 12 to 1 "4 per cent., in 
1 Erom Cleveland ore 1-4 to 16 percent., in pigs for stove grates and similar 
k up to 2 per cent,, and in pigs from burdens with varying proportions 
mdilli-r'-i cinder and phosphiirii- oris anything up to, say, 3J per cent, of 
aphonia. Part of the manganese is found in the slag and part In the iron, 

the result is that in any one series from the same ores the manganese is 
ly constant. Thus, in speeial Weal I 'oust irons from Cumberland ore 
will run to al-out 0'3 per cent. ; while hematite* from .Spanish ore 
._• ul Mint 1*0 per cent. ; from Northampton, Leicester, ;.nd Lincolnshire ores, 
,m| in over 1 per cent. ; from Cleveland ores at suit 0*5 per cent. ; and 
eial Beotch, U to 2. 

The following table of analyses of a set of pig-iron samples, chosen to 
strnte the appearances of llie fractures of the various niniibers, "ill also 
ve well to illustrate litnv, under certain conditions of management and 
ring, not known to the founder who uses the pigs, the fractures give hut 
,le indication of the compositions of the pigs : — 

Hbmatitb Pig-Irons. 




Mn. 


8. 


r. 


070 


o-on 


o-ois 


0'flB 


012 


0*052 


072 


0-043 


0042 


n-72 


0122 


O0S4 


0'S8 


0141 


042 


o-so 


0-088 


0-041 


0-55 


0-320 


0-U40 
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The percentages of silicon vary in a most erratic manner, i lie phosphor'* 
content is fairly regular, as also the manganese, but inixino In fractioi um 
this assortment nf pies would be cxjiected In give a very unsatisfactory result 
and BUoh lias been the experience of the author* anil that of two other user 
known to them. In mixing pig-irons fur the manufacture uf steel anil ;ils- 
For tile manufacture of cast-iron eastings, compisilidi] is the guide, ami, wlier - 
the appeantlMM of the fracture docs not iiirlicale the composition, it is at Hi 
liest misleading. Such a series of compositions attached l,o I lie numl>crs showr 
in the above tabic should compel those who have not already dune so to giv 
their most serious consideration to the subject of mixing by analysis, « lii< li i 
so very widespread in America, where, perhaps, the conditions of hhist-furuae 
working malic its use. more imperative, lint which, nevertheless, should lie miirl 
more widely used in this country than it seems to !>oat present. For mixing b~ 
analysis MUM knowledge of the influence of the various impurities in cost-in r 

011 its pro]HTlii:s is requisite, I, after considering the folloM iug laiei ;ht.ii:h 

of the severs! iuUiicnecs separately, their combined eHoct must be sought aftca 

Combined carbon is the material which, within the limits generally 
found in castings, increases the strength, the hardness, and, Ultimately, uls 
the brittleness of the iron. In ordinary castinus to lie used as cooled fror 
the mould without further heat treatment, the combined carbon vanes fn>i 
aliout O'l per cent, to aliout 1 per cent. ; the carbide of iron, therefore, fror 
I'd per cent, to 15 per cent. : the amount of Ibis constituent and the natur 

of iU distribution have probably the most powerful iuthienc I J 

properties of the iron. It is not practicable, however, to calculate 
mixture on the combined uarbou in the materials used in the mixture, M <ls 
amount in the liual casting bus no del'mite relation lo this, and varies ni- 
soldy according to the rate <>f cooling, but, assuming the same rate of cooling 
is mainly determined by the influence of the other elements present. HeiH'L 
the rate of cooling generally lining roughly lived by llic si/.c of the casting, U» 
amount of the combined carliou is mainly determined by the ualnn' .m 
amount of the other impurities present. 

Graphitic Carbon.— In it cuat-iron the total carbon is generally fairL 
MQBtant somewhere about 3 or 4 per cent. ; mid, its all the carl ion not combtW 
is graphitic in an ordinary cast-iron, the conditions lending to decrease ti 
amount of combined carbon tend to increase the graphitic earUiu aud wee vrrt" 
The extreme softness and weakness uf graphite have la-en noted, and, us it 
merely mechanically mixed in the substance of the cast-iron, it merely tunc 
to weaken the meUil as a whole in tensile stress; and, for any one 
graphitic carbon, the more so the greater its amount ; while, generally, tk 
coarser its crystallisation the greater is the weakening olleet in tenacity uf 
given amount It is obvious that in crushing tests this weakening will n* 
hold to the same extent, and the general effect will lw to increase rigidity. 

Silicon.— Of all the elements usually present in cast-iron, silicon plnj 
probably the most important /■'(/■:, not that its own influence on the nature * 
the material is so great "itliin the amounts generally present in the tiuishi- 
material, say, up to aj per cent., but because of its effect on the condition I 
the carbon. For an ordinary rate of cooling, the simplest cast-iron, iron wit. 
about 3 to 4 per cent, of carbon, is a white iron, while the presence of sllieoJ 
tends to throw the carbon out of the combined form and to make it appear ii 
the metal as free or graphitic ; and, as a general rule, within the usual IhniU 
the rate of cooling being kept constant, the higher the percentage of silica 
the lower the percentage of combined carbon in the casting ; and, also, th 



more rapid tin: ci oling, the greater is the amount "I' silicon required to prevent 
lurii. than the desired amount of carbon remaining as combined carton. It 
will thus 1:kj obvious that, in east-iron castings, tn produce a given Ivpc of 
fracture, tie thinner the section the quicker the rats of cooling and the 
higher the silicon must lie. This is well exemplified in the subjoined table 
■'i tin' |>crccntages of silicon, which the authors have found serviceable as a 

tniide in the manufacture of the given types of castings, the other elements 

'•ling prcaaat in norma] amounts. 



Sttioos Stand. 



> Ubi 



Malleable cast-iron, 

Chillc! grey iron wisliug 

liiglipivs-'itlii.' cylinders, inlvi' bodies, etc., 
Gewr»l machine Mid enuian dctnils, gearing, fitc., 
Soft enriDoe ring mid man right ■**""r, pollej %, a 
Sfift thiii Kaating», stove gnte and si""'' 
Hollow war.*, .... 



lihir wurk, . 



'. '''i-'iiil not only tends to change carbon from the combined to the graphitic 
0r, ii, but, when present in increasing auuaints, seems more ami more to pre- 
*"'»- [h" absorption of carina] or to drive it out, iF present. Thus, a IVrro- 
*' ''-'m of al.Mill II per cent, silicon generally only contains almut I J pel ecnt. 
" *''>il-ni. practically till in the graphitic form, anil at this stage the silicon 
*■ shown ita own influence, for the material is comparatively haul and brittle ; 
*'' s| - .-is. In ;i less degree loner down in the scale, arc the ghixed or silvery pigs 
"l>oui 5 per cent, silicon. 
Manganese. — \Vhen manganese is present in a pig-iron the simple carbide 

"' ''on of the pure iron and carbon material is prolmbly, partly at least, ro- 

i a double carbide of iron and manganese, which is generally of a 

""''■ structure and stronger nature than 1 lie- ordinary carbide, and also -reins 

decomposition by silicon better ; so that while silicon has a tendency 

'' "i< nasi' the erapliitic inrlnm, manganese lias the tendency to keep more of 

ii in the combined form. Hence, silicon is often spoken of as a 

sl - , 'U_-i,cr for cant-iron, and manganese as having a hardening tendency. 

Sulphur. — In the alwence of manganese, sulphur is present in iron as 

""'pliidc of iron, while, with a sufficiency of manganese, it is present its sulphide 

'i' LBganesc. Sulphur, like manganese, has in some way the tendency to 

".'"^'' i-astings harder, and particularly so if present as sulphide of iron. 

' \ >! phide of manganese will separate out from the iron, and, if given a chance, 

*l! ^ nit to t ' lu t< T > * Hence, if these twn hardeners are brought together, 

combine and partly remove one another, and thus have a softening 

' ' ' :n] action which explains the occasional and apparently anomalous result 

" l inany «e acting as a softener. Sulphur, besides its hardening effect 

' '''■ ! ' :i Ii in iv be c.i ii interact ed|. has a deteriorating influence on the properties of 
tending to make it brittle ; excess should lie carefully avuirled. and, 
Undoubtedly, in general foundry work as littlo as possible, less than (H (if 
fewiblo), and never more than 0'2 for material not to be given some f mi Imi 
trontnwiit. Still, with material of great purity, such as the iron of the 




mitY PRACTICE 

Swedes, with its (MM per cent, content, it has been stated that it «■ 
necessary liy the Swedes themselves to mid tt suiall amount of pyrites to -' ' 
the requisite, strength, in the. old days, when they used it for listing caniio* 1 - 
Thin might lie explained by assuming their link nf knowledge uf silicon man* l l " 
ulation ; but the authors wan informed by a celebrated maker of chilled rd 1 *"- 
who had not only long practical hut deep scientific knowledge of bis subje* 5t ' 
that he had endeavoured to use Swedish iron, and found that, although ■* c 
could obtain the necessary chill, lie could in it make his rolls to wear with"-" ll 
the normal amount of Mulphitr present. Assuming the truth of theae t N% " 
eases, might it not be that, as in the caso of steel castings with a few bio 1 *"'" 
holes, it is easy to avoid hot cracks and shrinkages owing to the. formati* 1 *" 
of the blowholes preventing strain at a critical time, the small utoual "' 
sulphide might have some similar effect? Be that as it may, the •W™ 
majority of founders need have no beart-searehings over such matters, f* ,r 
the general rule is that there is sulphur enough and to spare, and tbe found* 51 " 
has to watch carefully t" keep it at a low enough limit. 

Phosphorus. — Unless in greater amounts than is generally met with l " 
foundry practice, phosphorus seems to have little effect on the conditions * J ' 
the carlion. Mr .1. K. Stead, K.K.S., in a classical research, has proved tU*^ 1 
the phosphorus is present as Fe a P, and is present in pig-irons as a eutect* 
in striped patclics containing 10'2 per cent, of phosphorus. Phosphor' 1 * 
increases the fluidity of cast-iron, and gives it a very flue skin, bo that a 
phosphoric mixture rum into the hue details of art work, such as ornament**' 
designs on stove grates, and faithfully reproduces the beauties of the patt*?*"™ 
in the casting. Mixtures for some work of this kind may contain as much *** 
2 per cent, phosphorus. Phosphorus hits, however, a weakening effect ° n 
the iron, so that where strength is required the phosphorus is kept as low *** 
the price will allow. In thick castings also, the phosphide remaining liquid *•* 
the last has the tendency to liquate away from thicker parts and thus lt?» v * 
them spongy. Hence, for castings of uneven section, like valves to st****" 1 . 
hydraulic pressure, tbe phosphorus should be as low as possible, and sho* 1 *, 
not be over I per cent., or the castings are likely to fail under hydra****'" 
test. Phosphorus also makes tbe iron more easily fusible; hence, fur iii?^*"* 
moulds for receiving molten steel, hematite mixtures should be used, keep**** 
the phosphorus as low as CM)6 per cent., which has tbe further ad\ mil ■ > R 
that, when the ingot mould is worn out or has an ingot stuck in it. the uu ■■ ' 
(with the slicker, if it contains one) can be used as part of the charge i»* 
-Siemens furnace, instead of being resold to the mould-maker as scrap. 

Nickel.— In !.S!)2 A. M'William, experimenting with fcrro-nickels for 
Martinn St.el Co,, noticed that i 60 per cent, feno-nickcl made from 
purest Swedish white iron and the la'st refined nickel formed a beaut if«-* 
soft, tine grey metal, even when cast in from 1-inch to 3-inch suction* 
chills. At that time no elements other than silicon and perhaps alumini * * 
were known to htm which hud the same effect; and, although there wa*» ?' 
prospect of the commercial application of nickel as a softener of cast -mm, ***! 
result was of scic nt i lie interest, and would have been followed up bad ufa T*_ 
work allowed. As the result was not published, no claim of priority is m;*' *' * 
and the incident is mentioned to impress the influence of nickel In 1899 ^' 
HiiillicM. in his paper on '"Nickel and Iron," mentions that a steel with C»*'" J 
per cent, nickel and l:i per cent, combined carlion, on annealing, had 1*2 
cent, of its carlion precipitated aa graphite ; and Prof. Arnold, in 1 * 
Uon to the discussion, stated that a steel containing I'3 per cent. 
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CAST-IRON 

er cent, nickel, after rolling, had all hut O05 per 'rut. precipitated 
Ditto carbooj end thai annealing produced it similar result 
ritaiiiuiu. — Recently titanium baa been recommended by the American 
rt, Dr Mnldenke, o« well worthy of a trial an a remover of oxygen when 

special qualities of cast-iron are required. 

ranadium.— VmuidiuTii, which has U'L'ii so much Itcfore the metallurgist 
itly by reason of its wonderful effects in vanadium-chrome and vanadium- 

1 itei la, originally worked out by Prof. Arnold and later by Messrs Saukey 
Kent Smith, and iti the less useful limits by Dr UuHlet, has also been trie<l 
ist-irons in some preliminiiry experiments at the Sheffield University, in 
fa it prodnoed a finer grain and showed a distinct, but, so far as tried, 
jportftnt improvement in the tensile, transverse, and crushing tests. 
rrading by Fracture.— The system of numbering the pig-irons of a series 

■x widely in different district-, hut, as examples, I lie hematites ace general ly 
d Nos. 1, 2, 3, 4, 5, mottled arid white reckoning from the must open 
No. 1. The first three are gcnerallv spoken til" as liessemer numbers, for 
uis reasons ; ami sometimes, instead of -i anil 5, the terms 4 fuundry and 
go are used. The Holwell pig, again, is numbered 1, 2, 3, 4 foundry, 
l'c. mottled and white. Photographs of characteristic fractures of Nos. 1, 
ottled, and white, of the purer hematite series, are shown in li;;s. IT* to 

; whilst similarlv characteristic fractures of Nos. 1, 4 foundry, tiled. 

white, of the more phosphoric Holwell series are shown in figs, 188 to 186. 

[electing Pig-irons for the Making of Cast-iron Castings.--lf for 
eable iron for chill-casting or for steel-making purposes, the reader is 
Ted to the chapters on these subjects (XIX. and XXXII). The first point 
ifenerally be the amount of phosphorus to be allowed in the finished castings. 

laps a fair average for general castings is about 1 percent, alll gh, as 

avc seen, some such as ingot i ilrls for steel, contain 0-OG per cent, whilst 

i - may tie suitable for ornamental work from 1 per cent, even up to 2 per 
It will lie clear that, as the different brands give plenty of choice from 

up to 2 per cent, while the several numbers of each brand vary little in 
iphorus, the choice is a simple hub. The governing feature is that the lower 
phosphorus content the higher the price, as n rule. Having decided on 
final phosphorus, the next element that varies but little with different 
■ i'_':uieso ; and, as manganese has in most eases a fining and 
iigthening influence on cast-iron by its effect on the structure, by its 
dry orer the sulphur (keeping that element in its less dangerous form of 
lode of manganese), by its tendency even to eliminate some of the sulphur 
er suitable conditions, and to prevent the iron taking up more from the 
\ a content of up to I per cent, manganese is aimed at where sulphur 

be high. It i- probably the high manganese and comparatively low phos- 
-us that has given the special Scotch brands their renown as constituents 
ihuures. The sulphur, as has already been seen, is chosen as low as 
ticable. mul now nuly the silicon and carbon remain. By this time we 

decided OH the particular brands, and in all eases there should ire a 
■lire "I brands, for, with the best management, a blast furnace is subject to 
s of internal derangement ; if the result of this is sent out and reaches 1 be 
dtT, with a mixture of three brands the effect on the casting will la' 
(Bed to one third, not more than one out of the three furnaces lioiiig likely 
■■ -.lit i.i order at one time. Each brand has its series of numliers or coin- 
lii.iis, and, as wc have seen that for a given thickness of casting or rate of 
ing the percentage of silicon present particularly controls the amount of 
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combined carbon, the numbers required must be chosen to give the ret 
silicon and result in the final casting, in a way that will be shown in the 
chapter. Finally, the total amount of carbon will be seen not to be 
control in this way ; but, if too great for the purpose desired, it may be ' 
by allowing a suitable proportion of steel scrap which (in most cases whe 
total mixture, steel scrap included, has been calculated on the above linet 
be found to have a good influence on the result, and in many districts to 
powerful help in endeavouring to arrive at a certain strength, grade, or p 

Typical Analyses op Pig-Irons. 



Name. 



Holwell, 



»» 
>> 

a 



No. 



1 

2 

3 

4 Foundry 

4 Forge 

5 

Mottled 

White 



CC. 


Gr. C. 


Si. 


014 


3'43 


2-80 


o-io 


870 


3-4* 


010 


371 


3-05 


014 


3-61 


3-15 


0-25 


3-29 


2-70 


0*80 


2-93 


1-50 


1-30 


2*90 


070 


3*10 


0*67 


1-12 



Mi). 



60 
0*54 
64 
0-00 
0*65 
0*60 
55 
0-55 



S. 



0*027 
0-025 
0*023 
0-048 
0-051 
0-145 
175 
0-240 



Pig-iron from) 
Leicester ore only / 



38 



3-30 



2-74 



070 



0073 



Average composi- 
tions of a well- 
known Derby- 
shire brand. \ 



1 

2 

3 

4 Foundry 

4 Forge 

4 Grey forge 

Close forge 

Mottled 

White 



0-22 
0-14 
0*05 
0*50 
25 
0-44 
67 
1-08 
3-10 



8-32 
3 54 
3*38 
2 98 
3*16 
3-05 
2*85 
2-18 
0*90 



Red bourne series, 



Clarence series, 



Renishaw, 

Parkgate, 

Staveley, 



»» 



Bestwood, 
Sheepbridge, 
Stanton, 
Frodingham, 
Scotch, . 
Carron, . 
Bl ien a von, 

»» 
Staffordshire 

Staffordshire Dud 
Cold Blast, 

Siliceous pig, 



} 



1 I 

Siliceous j 

Ordinary I 

Phosphoric , 



08 


3*30 


3-10 


0*40 


3'20 


2-50 


0-06 


3-40 


2-50 


014 


3 00 


3*60 


0-12 


3 30 


2-90 


0*07 


3 31 


3*10 


08 


3*50 


3 01 


30 


3*20 


2-06 


20 


3*60 


3-00 


0"20 


3 60 


4*00 


• • • 


175 


9 25 


0-40 


3*65 


331 


79 


2 04 


T62 


072 


2-80 


1-61 


0-45 


3*30 


1*26 


72 


2*15 


1-10 


Nil 


2 60 


1-60 



0-31 
0-80 
1-10 
125 
0-50 
1-05 
0-40 
1-00 
1-30 
2 00 
45 
1-47 
0-97 
076 
112 
108 
1-39 



2-80 


80 


0-080 


275 


075 


0-040 


270 


0-80 


0*060 


2-30 


0-85 


0-090 


2 20 


073 


0*105 


1-90 


0-58 


0-115 


175 


105 


0-145 


0'80 


1*33 


0*165 


0*50 


1-33 


0*180 



0-040 
0*020 
065 
0-048 
0-085 
0-055 
0*050 
0*061 
0-020 
012 
0108 
065 
0-030 
0*120 
070 
0110 
0*030 



4 
4 
4 

1 
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Steel-making Hematite Irons. 



une. 


No. 


c.c. 


Gr. C. 


Si. 


Mn. 


S. 


P. 


Coast. 
















i, . 


1 Bessemer 


0*43 


3-40 


3*38 


1-40 


0-030 


0-045 


• • 


2 


... 


... 


3-50 


1-42 


0*024 


0-050 


• • 


3 


0*30 


3*60 


3*10 


1*38 


0*023 


0*048 


irew, 


1 


... 




3-18 


070 


0*014 


0*088 




2 


... 


... 


3-35 


0*70 


0-020 


0-035 




3 


... 


... 


3-20 


0*70 


0-080 


0-034 


r 
» • 


Bessemer 


... 


... 


2 47 


132 


0-035 


0-050 


Coast. 
















i, . 


Bessemer 






303 


0-72 


0-025 


035 




*» 


... 


• • 


3 '03 


0-36 


1 0-050 


0-050 


Ml, . 


., 


... 


... 


2-84 


0-18 


0-030 


0*048 


• • 


M 


... 




3*03 


072 


0-040 


0-052 


i, . 


•» 


... 


... 


3-19 


0-82 


0*025 


0-040 



. 



softens or practically fuses at [830*0, Ah silica is i 
moat abundant constituent in ihc crust of the earth, it Would i^.,.... — 
there should U' no p.ln >rtiti:i> of good acid ii.-iriicli iriis. Nor does an} 
appear likely. The accumulations of siliceous materials arcs however, 1 
very varying degrees 'if jmrils : mid as, in practice, it is fomid taat i» 

bj Bases the shapes of the particles and the diameter of their Mirfi 

arc also important, tilt' deposits of tin.' very highest order 

limited. Typical examples i.f tin- tiiirsl I'm- all icrv high tern |icrati ire new 

fen found in the ganister of tin' Shctticld district »r tin' l)iu.i>. atone of Wuli -_ *-" 

personally selected samples of the former from the best beds having lieen* 

tested in several cases and given over 08 per cent, of Sin.., 

bods there an others of almost every grade of admixture «\tii clayey "^a^J 

teiial down to an argillaceous ur rlavev sandstone. Tin- ]iiilvsl ^mister, — ~ T ' 

when viewed under the microscope, is situ to bo composed of exceedinglj 
small particles of quarts, cemented together by silica, which bus itaell * f 

crystallised ;is quartz, milking a tuie-graiticd pure and compact nn'k. Tliis S^SW 
very feature is important in many of its applications, fur it is the cause of the - 
rook breaking up into sharp angular fragments, instead of pulverising im-i — - 
its eoiistitneiit rounder grains, as in an ordinary sandstone. These sharp *_i 

angular fragments of varying sines, fnun the largest used for the particular 

purpose to the finest powder when mixed with a small amount of on] and 
moisti'iii'il, may be rammed round a pattern (as in rebuilding erueime holes of — 
in lining a Ilcsscincr converter) in ;i stjite almost like a liquid under th*> 
IUbW ; so tlmt 00 hole or joint is left, and still such that when the motunst 
is drawn the sides keep their shape in a way that no rounded particles woossi 
do when moistened to the same consistency. In other oirottmstanoes il< : 
angular pieces of silica, however pure, would not suit the purpose : and a whit*.- 
silii-a sand, such as Calais sand, almost entire)} composed of rounded grains '■' 
quart/, must he used. For example, in forming the bottom or liasiii-shiip«J 
ivivptiicle for the ha til of uu aeiil Siemens fnniiice many layers of wind are hum! 
on, one after the other, with the furnace at full heat : and here ill ■ ■ 
piU'ticles are necessary, for liy running down the sides in a WBJ that "Si 
angular particles would not do, they give a solid Led with banks of the proper 
slope. In thia case, also, the pure white sand is considered by many null"' 
to be too infusible, and is mixed with , r ) per cent, or so of rod sand, in "■ l|,! 
that the particles may lie so fritted together as to stand the wash of tfcen»M 
and the rubbing of the tools, ami. by landing mine linnly, reduce the rising 
of portions of the bottom through the steel to a minimum. Calais sans ; ' 
merely pure quartz particles not hound iu any way. It has been seen i'-' 1 - 

Sinister, e-msisls Of particles of quart*, cemented together by allien 

iiv-inllised from one particle to the other. Other sandstones are i"'" ,! 
consisting of quart/, particles lioniid together by more or less clay, and the* 
hit ground and made into grades of silica liricks, which gradually appro*" 
fire-bricks to appearance and in properties ; and. the percentage of injur""'- 
oiides being allowed for, may lie -aid to lie leas refractory as the piopott'* 1 
of clay increases and they approach the composition of ordinary Bie-bnwfc* 
Moulding sands, which have been already dealt with in detail, are but •<*■ 
refractories of a special kiml, In-ino grains ol ipiarts, each of whioh is oostP 
usually with a 1 hi u layer of the hrown oxide of iron, an excellent binding 

Itself, and giving a rough surface, so that a mini m of claj will gii 

binding sand, and, furs given size of particles, thus give a maximum of poresitjT, 
clay oeiug of such a close nature. In certain places, such as parts of -Scot 1; 
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r available siliceous materia), and, as flints are composed of 

only partially crystalline, the material is so strong I hat it is too difficult 

lirruk or grind to the required fineness. Tin- difficulty is overcome by 

iiL_- the Hints i" n high temperature and slacking them out in water, when 

i \ (hi. ;il wit xv appearance nf tin- Hint is dost roved and tin- material I n_'t'i iint-s 

.mil brittle, and is easily ground f<ir making into silica bricks. 

adc. — Refractory material a being need in such largo quantities it is 

i.-dlv expected that they "ill 1* drawn from the common constituents 

i i|i 's crust. We have already seen that the most abundant 

ili,;,, the avid of the metallurgist. The next in quantity hit alumina, 

ii. in, lilne and magnesia. potash and soda, all basic oxides found 

:r free or in combination with silica or some other acid. (If these, 

linn in a very impure form, as bauxite, oxides of iron iu various forms. 

Hud magnesia ah calcined dolomite or calcined magnosite are most iiii]x>rtant 

i. .lies: alumina combined with silica and water forming clay is of 

i ijiM rilintion, while potash and soda are hut dreaded impurities. 

at lira] minerals magnesite (magiiesiiim carbonate, MgCU a ) and 

Ulite (magnesium cnrlmiiiitc and calcium earlionatc in varying pro|Hirtioiis, 

lending to the formula Mgl '".,,( !aC(> 3 ) are calcined or heated In a high 

Iperattire to drive off the carbon dioxide, and yield respectively magnesia 

gO) and calcined dolomite (MglU'aO), which are extensively used as basic 

factory materials for (In- making of open hearth furnace bottoms and for 

■ ;-j 1 1 "i" liessemer vessels for the basic process of steel manufacture. 

tlieae materials combine with water, and are thereby reduced to a powder, 

iBt they not be made into bricks by mixing with water, bnt they 

. prevented, as far as possible, from absorbing water from the air. 

yare, therefore, mixed with anhydrous tar, anil ground in a mill while 

I ui- rammed into the desired sha]H's, and consolidated by heating 

■ reducing an atmosphere as possible. This process leaves a carbonaceous 

■.rial, which acts as a fairly efficient protection from the influence 

fur a convenient period : and the high temperature produces all the 

traction and admits of the bricks or other forms lieing titled into place. 

i expected, the magnesia wears longer in the furnace ; but being, 

■ ,,t lu'itahi at least, much more expensive, the dolomite is more 

Balvely used, although the authors have recently been informed by some 

! i . 1 1 they rind the greater durability of the magnesia in their work 

than compensates them for its extra price. Quite recently magnesia 

■■ii treated at high tenqioratui'os, principally by electrical means, until 

become highly crystalline, and the authors have been much interested 

nting with a sample presented to them for the purpose by 

H. (.!. Turner. Kept in water for several mouths it showed no sign of 

,.■.-. and it has also been successfully used in the Sheffield University 

ailargical Department for lining plumbago crucibles so as to manufacture 

carbon and silicon, but high manganese, alloys with iron for research 

■ 

Neutral. — Of the refractory materials which may lie considered as neutral, 

.ilea of their consisting of base satisfied with acid, the greatest example, 

tber as lo quantity, universal distribution, or importance, is clay, flay is 

■ iti if alumina with silica and with water, forming a hydralcd 

iattc of alumina, and the insistance of the term hydrutcd to indicate its 
Iture has no pedantic origin, for the presence, of water of hydra 
'ay, the cause of the valuable plastic piojHii \ ,,\ clay 
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Photic day, when dried, nay be easily reduced to as impalpable powd^^' 
god, when dried so carefully t*** 1 ,l " moisture or uucombined water i 

nil', it absorbs water again mi mixing ■in! becomes once man plastic ; "InK-, 
irmm it be heated to a red beat, bo that nil the cambhaed water or (rater 
hydration in driven oil", tbon it becomes "burnt clay ™ : and, although reduce 
to an impalpable powder and mixed with water, it will not again brseon 
plastic : moreover, then- is no known means of making it combine with wat^^*** 
again. I'mv silicate uf alumina of th<: formula ALli, ( ,L'Sii i„ representing 5 ™" 
per cent. SiO t iti«l 46 percent. Al._,U a , has a melting jMiitit of 1«30 I.'., aceordiii ^^ 
to Boiidouard, and, although this is the same number as lie (jives for pm — "~^* 
silica, the latter is more easily obtained in it state of purity ; iind the iuipurititf^S-* 1 
in the former, as acting on a, silicate, have greater effect in lowering the fusiu-re "*■ " 

Chit, Heceut ivsearchcs are lending to make more exact our generul practica^^™ 
owlcdge uf the effects of the different impurities ill varying iiiiicmnbi on th- -^ e 
fusibility of burnt clay, mid the pract ieal fuel reniains (bat the fire-clays nlit:ih»" '" 
able will not withstand steel-melt ing temperatures in the open hearth ft.iniac^E=^ 
and that for the roofs of Fill, and for the laid in acid work, nearly pure sili' > 
used. The influence of the alkalies potash and soda is probably the mot 
potent for evil, since, unlike the acid materials, in no ease do we require th^^"" e 
clay to I* more fusible for practical work, including, of course, the making- — - 
of more and men fusible mixtures in the manufacture of the useful Segesl ' 
cones for pyrometrie work. Uut the fear of the influence of potash and sodfc^* 1 

lias led some to overstate the case, and say tint! qua- it.it ies almost imat tamalilw ■* 
low are necessary, and should be specified, or biid bricks will result. Tl»3^ 
tileuboig lirieks. which are generally acknowledged to be among the finesSS"" - * 
are-brickS ill the country. Hie known tu eon tai ii iiUnit b 7 per cent, uf |«it-i-L"-V-""i 
and soda ; while in a series of preliminary tests made by an old student lo-^*""*' 
the selection of out' from three of the best natural clays procurable, Stour— — ~~ 
bridge, the lowest of the series, gave 0*65 per cent, of the alkalies, and sumplci-^g 
heated in a crucible in the coke boles, and containing 2 per cent., stood wcl^t * 
up to 1200° (_'., without sign of forming porcelain, and not till 3 per cent. »-a ag-=^ 
reached did the test entirely break down at tins temperature. A minimum oO '*** c= ' 
these materials is desired ; but as what is wanted cannot always be obtained at" - **** 
the price available for its purchase, it is always well to know at least the orderr^* 
of tin- ijuantities that would lie injurious in ordinary work. Lime, and ferrou^ 5 * 
oxide, arc also objectionable because of their forming fusible double silicates 
but their exact influence in certain quantities is not yet sufficiently well knowM*^ -j 
to enable definite pronouncements to lie made, and we must obtain L'encr.iB- 
ideas from the known tendencies of these materials as given here, carefully ** 
study the amounts found in clays known to give excellent results, and then seC^~* 
aside and rigidly investigate any case of failure or extra, specially good wear, -^-j 
An interestii ig ease came under notice recently uf good and bad stoppers autL^^ 
nozzles used in a 2-ton ladle for distributing mild open hearth steel. The" 
stopper mid uo-jzlc were found to soften sufficiently during the teeminu. ju. 
to stick together ; consequently, before the end of the pouring, the stopper h 
changed in shape so much that it would no lunger tit the nozzle t 
actually pulled off t lie stopper end. Stopper cuds from another firm \ 
but they pressed into the nozzles, and. finally, this second (inn supplied n 
also, and excellent results followed. The bad stopper was carefully analv; 
and it was shown to contain Siu... 527 ; Ai.,1 )„. 35*2 ; Ke.,11,, 4*+; FetV, 1*S ; (.' 
1-2; MgO, 03; Nn 3 + K a O, 2*5; MnO, 0*1; r,0,. 0-6; loss on ignition, iKI , 
showing nothing so eery bad in any one item, but each deleterious impurity 
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igh, so that the, total reaches 103 per cent. Tin- ^kk! stopper was examined 
-u rtjr.-ir.-ui I v i,,.-!,,,,, that ([ wtm fairly normal with Si» .... •">-! 1 1 : ADV., 10; Ke..O s , 
1-6; FeO, 0*; OftO+ HgO, f>8; and, assuming the" Na.,o + K> to lw l'por 
.■cat., there is a total ol deleterious matter of 6 par ueut. Then two axam^W 

tie -ntlir.-i'iitlj interesting in themselves, as the had were only sufficiently so 
to give a dribbling stopper, and thuya-re also good examples of the kind ol 
dung that should 1-c thoroughly investigated when it arises. 

It will I*.' obvious that Htvduicks iun.it 1h- set in tire-clay, far, with ordinary 
ttortar Of Ifeno and .-ami a fusible double silicate- of lime and alumina would 
i formed, iind their life would thus Ire short; the ordinary life ha-- been 
- hum n tn In- much reduced liy the Ux> lilieral use of mOrUV in the red brick 
oane behind the tire-brick lining. Common red bricks used in boo bot a put 

if an air furnace Hue were 1'nund (on inspection to lind iheeauseof lllisatis- 
i. tuiy Marking) tn hiive formed a. hanging uiirtnin of beautiful, hut dmnght- 
letttroying, stalactites. 

in making clay crucibles, as the plastic clay contracts very considerably on 
trying, generally some non-plastic material is mixed with the clay. For 
\|ierimental purposes the old two-thirds burnt one-third raw formula of the 

.'nViil Sid 1 of Mines answers well, hut for the manufacture of crucibles to 

[:iuii the highest temperatures of coke steel melting (a temperature which 
list softens all ordinary clays) an * admixture of another of the neutral 
OSteliaJB, curium in the form of liesi quality coke dust is used ; and while the 
h.y portion of the crucible is soft, the coke being quite hard acts as a 
and of framework or skeleton, and enables the erueible to keep iUt shape 
hroughout the day. This is very beautifully shown, if either accidentally, or 
•urpoaely, for an experiment, a little air is allowed to strike the mouth of the 
«.t during the 12 or 11 hours annealing, so that the coke is burnt out, then 
hut portion gets all out of shape during the working, and, if the air has 
ut-cri'd the annealing I'liruiiee burly freely, the usually beautifully shaped ]M -t 
■ocouicb a wretched looking object, and these shapeless portions, when broken 
<il(l, lire always found to la- white anil porccllanous, showing that the earlion 
■Ha been burnt out ; while the shapely parts give a black fracture, indicating 
hat the coke dust, the skeleton, still remains. The other neutral materia] of 
liis class, namely, acid and base combined, known as chromite, or chrome iron 
■re, is essentially a ferrous chromatc (FeO,Cr.,0,.), and, all things considered, is 
.inbalily the most refractory material known. It withstands a very high 
. npemture, is not affected by an oxidising, and not much by a reducing, 
f Dtosnhere under ordinary furnace conditions ; it withstands the wash of acid 
basic oxides. Its high price and the fact that it has no binding 
»--'|N'rtui« are against its extended adoption : but, as an example of its special 
«. ility, it ia often used as a parting between the basic hearth and the acid roof 
r a Usic Siemens furnace. 

Of carbon in its various forms as a neutral refractory material much might 

A typical use of coke dust has already been given. Coke Lri.ks arc 

■San used for the hearths of blast furnaces. Charcoal is made into a brusque 

inside coating for experimental crucibles; and in one of its crystallised 

I, plumbago, it is used in admixture with about an equal weight of good 

slay in the manufacture of graphite "r plumbago crucibles. 

Plumbago in powder, or as the familiar black lead, appears as a facing (or 

Dtilda. So far as its refractory properties are concerned, its melting or even 

WHening point is outside the range of ordinary furnace operations. In the 

' So it is hard, and will stand abrasion ; but, either as chnrcoal or 
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\&t 



plumbago, it is exceedingly soft, and, as in experimental brasques, ti> . 
scarcely be touched, or, as in the plumbago crucibles, must be supported^ ^ 
fire-clay ; and even then any necessary stirring should be done with caut^- ' 
Seldom in works experience need complaint be made of articles being ^^ 
good, but in their practice the authors have met something like it at let^ 8 * 
For the making of a very special alloy, vigorous stirring was deemed necess ^^ 3 ^ 
after the mixture was melted. Two firms were asked to quote for crucib^^-^ 
and several lots ordered from each ; but the crucibles of the firm with ^^" e 
greater name never anything like equalled those of the other in numbers. °* 
heats turned out. This curious result led us to examine the two carefully, ar ^4 
while they were much the same in texture and in the nature of clay used, thc^* 80 
which lasted the better only differed (so far as was determined) by having mc^ 10 
than the usual 50 per cent, or so of clayey material, which is much the cheap^'* 1 ' 
substance ; this is another example of the fact that not the dearest, but t9^ e 
material best suited for its work is the best, while it also shows the savi^^g 
that even firms of the highest repute may make by careful experiment. 



o 

• «-« 

o 



a> 



Best Sheffield ganister 

(Rock) 

White sand, 
Moulding sand, . 

Steel Moulders' *' ConqM) " \ ' 
(Harbvrd), ) 

Chemically pure china \ 

clay, Al 2 3 . 2Si0 2 . 2H 2 \ 

Best Stourbridge fire-clay, . 

Glenboig calcined or burnt 

Cl&Y) • • • • 

Inferior fire-clay stopper, . 
Superior fire-clay stopper. . 
Raw dolomite (Anstoii 

Crags), .... 
Calcined Steetly dolomite \ 

(/. C. S. AmnUage), ) 

Magnesite [^ c iU, '. 

Arkansas Bauxite, calcined ) 
(A. J. Aubrey), ) 

Graphite, .... 

Chromite, .... 

Common red brick, . 
Porcelaine de Sevres 
(Gruner), 



a-* 

•So" 

U 



© 



98 

96*5 

855 

59*8 

47*1 
62*0 

64*0 
527 
54*5 

2*0 

21 

1 
2 

6'4 

Ti0. 2 

4-0 

3'9 

7 
78 -5 

58-0 



1 
2 
5*5 

25-2 

39-2 
23'3 

32 
35*2 
41-0 

0*9 

5'4 

1 

1 

87-3 



3-0 

12*0 
13-3 

34-5 



O M 



M 
O 

.2 •" 

© 

En 



0*5 

1 

37 

5'4 



© 

ooO 
«* > 

© 



3*0 

2-0 
4'4 
2 5 



1*8 
0*3 



1 
1 
1*4 



2*3 



4*7 







. 








o 


09 <""* 


3* 


o 


SO 


-«K 




* + 


© 

S 






«»4 

1-3 




w 


... 


• • • 


• • • 


0*5 


• • • 


• • • 


07 


0-5 


... 


1-1 


0*8 


3 


0-7 


• • • 

• • • 


• • • 

07 


07 


0*6 


07 


1*2 


0-2 


2 5 


2 


0*5 


10 


31*0 


20*4 


• • • 


54-0 


37 '5 


-I 


2 


45 


4 


92 


■ • • 


■ • • 


■ • • 


• • • 



B 9 



{ 



sa 

<5 _. 



water »-' 
carl 
47 



137 



15-0 



2 



0'4 



17 

10-0 
1-1 



4*5 



2-0 
3-0 



(S.) 
0'02 



0-9 



i 



4? 



o—— ^* 



^Car 
86 

(Cr, 
56 




The last two are given for comparison with really refractory materials. 
As showing how electrical products are coming into use, carborundum fire sand, 
an amorphous form of carbide of silicon, is being sold for patching and even 
for lining cupolas, ladles, etc. 
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CHAPTER XXVIII. 
FUELS AND FtfBNACES. 

Vahii.uh forms i-f Furnaces are naed for preparing the metals or alloy* and for 
hem to ■ temperature sufficiently above their molting points 1 ake 

.-liili- I" transfer tln.'iii In 1 1 ii; moulds and jK.nir tlii'iu at n temperature 
feo peimit "f the making of good ousting. TIil- crucible, the rcverUralovv 
«r air furnace, and tin. 1 Siemens regenerative open hearth, the cupola itnil 
I ii Bflttewer converter with its modifications the Robert anil Tropeua*, are 
the principal types of furnaces used in the foundry for tin; production of tin' 
'walten metal. Cast-iron in its molten state, taken direct from the blast Furnace 
<"• from a mixer to the foundry in a ladle, and known M direct metal, is 
'••>vv much u.sed where the two plant* can he placed conveniently near to one 
"'■•ili'i ; but the blast furnace is not yet generally claimed to belong l" (In 1 

f '"iinliv, and will not Ik isidercd in this work, especially as i( is dealt with 

"' cJotail in Prof. Turner's volume on iron in this series. 

.Msii this chapter is only general, dealing mainly with principles. In enable 
1 ■ ' *-" in the foundry to understand the methods by which the metals they use 
* r e produced ; and varieties of each ty|ieof furnace, with clalioratc details and in 
l *'" : »*»t caaea working drawings to scale, may he found in Harltord's volume on' 
" r '-- -l in this series. 

It is helpful tu consider these furnaces as falling ma lev four types :-- 

1. Those in which the metal or mixturo of metallic substances is eoolawd 
1 n refractory vessel, as in the various kinds of crucible furnaces, tic 

- 1 ** 5 losing vessel or crucible being surrounded by the fuel in the coke-fired 
r'"^ 1 laces, but only by the products of combustion in the gas- or oil-fired 
,l *"Haces. 

2. Those furnaces in which the metals are heated on a separate hearlh and 
* n '3' the products of combustion reach the metal or the slag flouting on its 
. v *"face, as in the ordinal'}' revorberatory or air-furnace of the brass or iron 

''Sillily; or in the Siemens open hearth, used either in the place ol IE ah 
.' Xr Uuee merely to melt the charge, with, generally, a tiiiiiiiiiini) nf alteration la 



*** composition ; or, as in the manufacture of steel, for melting followed bj 
' ll t j 'nit ions in composition purposely made by the oxidising or purifying 
nf additions, generally of oxide (ore) to the slag, Find continued until 
"iCilcail'ed composition has been reached. 

t. The cupola type, where the fuel and the metal are in contact. 

I Those furnaces in which, starting from a fairly high initial temjiernt hit, 

llic i'. [losition of the charge is altered and the necessary additional In il is 

"Rimed by the oxidation or burning of one or more of the constituents of the 
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metal itself, by means of a Wart of air forced through the molten muUtl ot 
impinged upon its surface. This is the underlying principle .if ihi 1 tlcssc* ""'' 
and such modifications as the Kol>ert converter for side blowing and *™ 
Tropenas for surface blowing. 

1. CETJCIBLE FURNACES.— Sections and a plan of dirl'ereut kinds of bc^" 1 
fuel crucible furnaces are shown. They all act on substantially the same gouc^- " 
principles, and, in construction and working, ditt'er ouly in details. 1 1 

1 the draught is obtained by means of a chimney stack, only nir *'l 
supplemented by forced draught underneath the grate. The small aim — I 
furnace, rig. 186, and the one-pot hole for brass and German silver melting, "*: 
187, are shown in section, wi »il 
tbe two-pot iiole for steel nielli ~w i^ 
li.L-. 188, i- ^.Iji n^ n in section i » no 
In plan. The air drawn in hy 
means of the chimney draught 
is iidmittcd under the lire U«.r,. 
This air is cold, and when n 
impinges on the hot fuel u»"rr 
the liars, although by its 01 >"< 
Ipiiiati.in with tile carbon <>i" ''" 

cuke a great quantity of heat In 
produced, naturally the iwiu- 
mum temperature is not b* 

uiediaU'ly reuelieil, and liciii't' 
the first point in all ermilili 
work is to raise tbe ornrith 
above i lie level of tin- ban ■■■ 
that metal when molted amy lw 
within tie 1 region of auuunnn 
heat. It will also be obviO" 
that as tbe air drawn in limn* 
along the path of least resin taw. 
tbe actual burning away of 4* 
Fuel tends to produce vsaui' 
places and natural arches, DM 
these again would admit an* 
paratively cold air, which, i» 
pinging on the crucible, 
■i'/^ lower the temperature; hflNt 
Fie. 186. these spaces must I* broken 

up by puking the fuel feVJ 
from above. Judgment must be gained and used in this matter, as U> 
steady rise of temperature would be interfered with by the Iahi frcqiwut 
removal of the cover of tbe funiacc. Another point follows from this, that 
the bust qualities nf crucible cokes for the highest temperature*, allium;:'' 
of a considerable hardness ami of a quality by analysis equal ur even Mi]»n"i 
to cupola or blast furnace coke, must lie more brittle and break more ossify 
when struck with the poker. This important point may best I"- seen tnj 
comparing two CokeH nf columnar structure, one suitable for blast fumW 
or for cupola work ami the other for crucible steel melting; the smalls 
columns of the former are very much larger than those of tbe latter. Tin.' 
authors have used cupola coke for crucible work during a strike, but 
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great care must be eiercised with it, as, not only does it require more 
labom to break it bo suitable sizes for charging, but when in the Furnaces, 
instead of breaking when poked down and filling up tin- spaces, il hits 
a teodwwy, owing to its gnat strength, to go through the side of the 
crucible. 

In u small assay or experimental furnace, fi^. ISti, the draught is nyidatcd 
by a dumper in the flue above the furnace, and by a don in the ashpit. In 
one-pot holes for brass, German silver, malleable cast-iron, etc, tig. 187, the 
rlraught, as a rule, is only regulated by the general design of the furnace, and, 
if too keen, eased off by having the cover of the furnace more or less open at 
[In (up bv tilting by means of a lire-brick or more often a piece of coke ; the 
Iijbs of power thus caused by drawing air through this opening direct to the 
^liinini'v through the small flue leaving less [lower to pull the air from In-low 
the tire bars through the cokes. As cold coke must lie added on the top to 
replenish loss bv burning, for melting processes repining high temperatures 




the eoke is added to several inches above the lids of the pota or erueiblcs, in 
order that it may Is- partly heated by the ascending gases before, il reaches 
any metal level in the crucibles. A series of crucible furnaces may !«' joined 
up to a large stack at one end, say twelve holes in one stack, but naturally 
the furnace nearest the stuck draws beat, and the one at the tail end worst, and 
it is. not always convenient to arrange the melting points or the weights of the 

ili-.i ■.:■■ in suit. The arrangement, may thus he convenient fur college ;issav 
or experimental furnaces, where dillerenl strengths of draught are desirable; 

Inn. at tin' b'-t. Inr < iMiiiinl work it is troublesome. Sometimes four or 

si.\ holes have flues leading to n stack on the centre line, in plan like a runner 
anil sprues, and this gives a more even range. The best method is. however, 
to have an independent flue and chimney for each hole, the several Bteolu 

being built in a general wait for say twelve or any convenient I»'i «l 

i - authors, having at dirl'erent limes worked holes for bras«, den I 

piker, cast-iron, and steel on all three plans, unhesitatingly recommend the 
I .-.I jiI.ti i.a particular work us the one in which the individual care necessary 
for the special character of crucible melting can be. given to each pot with the 
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least anxiety and tlm greatest certainty of success. The influence oi I 
priicess of melting on the quality of the metal, as distinct from the iivniicn*-' 1 ', 
i.f tin- chemical composition as ordinarily determined, ie one of those multr "^ 
of a type already men I ioued Unit science is endeavouring to solve satisfactory J'" 
and thaw is much difference of opinion, neither theoretical nor practical ro^*^ 
being agreed among themselves. When all tin- processi/s have lircu consider — """' ' 
[I. will be seen that the coke crucible furnace is the only reinelting fuma-""" - " 
in which the operation is conducted under reducing conditions, as QM* --*" * 
in most metal is dreaded because of its evil effect, and because of the dirtf* 1 " 
culties involved in tlie estimation and therefore in the watching of it, the eok*-*) ie 
crucible furnace has a great advantage. This very advantage brings in iaT *** 
train a disadvantage, for, as all crucibles exhibit ii considerable degree of pom. ^ r,r " 
ositv, if the sulphur in the cuke be high, then' L-. a decided increase of sulphiat -"*" r 
in tbi' metal. The changes in steel in the crucibles will be dealt with in tli * *"' 
chapter on steel, but even in German silver the same trouble is exparianoeiS ""*" 
Keeping a strict watch on the sulphur in the coke, the crucible process i * " 
Capable of producing metal unsurpassed where its extra cost does not dabs •* " 
its use ; and, for special work, it is still used, as it has the further advantages 8 
that with the small charges, special compositions for scries of castings can W ^ ne 
melted and poured at their most suitable tern pe mt u res, a difficult inattesE ^ r 
to arrange for small work where a 2- to 5-ton charge is ready at one time ■* *^? 
Crucibles for brass in one-pot holes vary from 30 lbs. to 600 lbs. per round- -'■ 
the larger sizes being drawn by hydraulic cranes. 

The question naturally arises, "Why use coke for crucible work '' 
A trial in an experimental furnace with a charge requiring n high temperatures^^ 
to melt it, is convincing enough. Some ordinary coals, when heated, beeomtaaf** 
almost semifluid and weld into one mass, and are thus known as caking coals, 
the variety most generally used for making coke hy beating them until all 
volatile matter is driven off. Other coals again, when heated, have a large 
quantity of volatile matter driven off, but the particles do not coalesce ; thej 
remain as separate pieces. These are spoken of as dry, free burning, or nun 
diking coals. The caking coals are obviously until for crucible Furnaces, a 
they would at once choke up the draught. Consider even the non-caking 
coals, and their unsuitability will be seen. When charged on the top of the 
tire not only must they be heated up to the required temperature, but also a 
certain amount of heat is used in driving off the volatile mutters, and these 
precious volatile matters are merely sent up the flue. This very fact means 
also that :i greater weight of coal than of coke must be used, and the simple 
cooling effect of this larger weight is greater. In the case of the coke, volatile 
matter has already been driven itff, ami in modern plants turned to account, 
and the coke only noeds to be simply heated up to become active m gi<riM 
out heal by combustion. The table of natural fuels indicates that anthracite 
might almost lie looked upon as Nature's slowly funned coke, for the volatile 
matter is often as low as 5 per cent., and this fuel is, as a matter of experience, 
very useful under some circumstances for certain high temperature crucible 
work, and is much used in America for cupola melting. The authors have 
however, used Scotch splint coal with success in the melting of such MX 
lively low temperature alloys as yellow brasses, localise, although the t 
fuel was increased, the crucibles lasted longer with the coal than with t 
local coke, and the balance was found to lie slightly on the right side. \V 
the above guiding principles each case can be considered on its merits w 
a sod other conditions prevailing, but it may be assumed that t 
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highest temperatures cannot bo obtained i 
roach volatile matter in the fuel. 

In the assay and square built one-pot holes For hrass, malleable iron, etc., 
the refractory lining is fire-brick set in fire-clay, with i 
The two-pot steel melting crucible bole, hg. 188, hi 
mate built in with 9-inch 
fbeetotm, and then the hole 
shaped Bound a ramming 
block ationt 2 feet x 1 foot 
6 inches x 3 feet deep. The 
draught is regulated by taking 
out one or mora of the loose 
bricks in the stuck under the 
level of the liars, if the draught 

too keen ; or putting them 

. if too aim ; and, if the 
wry keenest is required, then 
a piece of paper is quickly 
thrust over the loose bricks 
and the pull of the stack 
holds it there firmly. Birth 
these last forms are shown 
with the top of the holes 
level witli the Boor, and this, 
nearly always the best and 
tsafest arrangement, is always 
dented tor steel melting. 

n tin' owe of the other form 
aometimea the holes are built 

1 that the top comes about 

Foot above the floor level, 
■erhapa to save a little es- 
■vntion and to enable the 

Mi more easily to lift up 
o grating and get down ta 
We have, however, 
v-»*ry decided preference for 
" topi hoing on a level 
t-li the floor. 

S. THE AIR FURNACE. 

*»•!„■ general structure of 

furnace "'ill he aeen 

""■i the drawing, fig. 189. 

**s n reverberutory I'uniaiv, 

'''■^rally with u curiously 

ble-arobed roof, so that 

roof dip* very much in the centre. This throws the flame down on the 
■ Hid temp, and probably tends thus to minimise the amount of oxidation 
' 16 metal. Some of the heat of the iiasic gases is ulilised for lionliii^ the 
[iig, » Mill is placed on the gentle slope of the lied U-tsveon the inciting 
tli and the bottom of the stack ; thus the iron as it molts t 
;lil 'l heme a bath. The most suitable fuel is coal, giving a long Same and a 
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dry ash which does not (.'linker the liars. It in hurnt on the fire grata, and 
the bridge lietwcon tli*' grate and the melting chamber enables ■ fairly tap 

hi-c to 1»' kept, which prevents tl ntraiice of excess of air to o->\ tin' 

malting chamber. This fomitt a rudimentary gas producer, the prim-ipU' "i 
wliich will Em explained Inter in this chapter J and lie combustible gww 
formed, together with the volatile matters, give a flamy of almost nrj 
length, which, taking its direction from the roof, reverberates on or nr.ir l" 
lla> -in faiv of the charge before making its way to the base of the stack. 

Air furnaces vary in capacity from | ewt. upwards. As a rule, 
sides, hridge, and roof are built in of good tire-brick, which may be 
with ganister or fire-clay as the furnace wears. In certain cases the bed BJ*J 
be Formed by ramming :i. layer of refract' iry sand on the bricks, hi '■•.•>'' 
case the l>od must drain to the Up hole. 

As a melting furnace, the reverberatory is slow, and has a high fuel ec* n ' 
sumption, varying fi-om 10 to 20 cwts. of coal per ton of iron melted : hm th''^'' 
features are of secondary moment, for these furnaces are only used for apt*-"* 11 - 
qualities erf metal, as (or the prod net ion of special quality cylinder iron, chill* 5 * 
rolls, and iron for malleable castings. In the brass foundry these furn»«= , * ?B 




1 by natural draogl » 
way Ik' used, a ph*- 



are extensively employed for the production of larger quantities of alloys, a 
for this purpose are extremely satisfactory. 

In British practice air furnaces are usually worked I 
but forced draught or induced (steam jet) draught I 
followed in American malleable I'mindi-h's. 

With natural draught or intermittent work it follows that, as a " matter -___ 
the air furnace cannot compete with the cupola in cost, hut it can im 

BXi '1 it in point of quality of product. This is doe to the fact that tl» J 

atmosphere of the cupola is under less control than that of the air faruae • 
In the latter, a neutral, oxidising, and, with careful work, even a redochi<#^ 
flame may be maintained, that is, from a bright, clear, and cutting flame to <*~ 

smoky flame. With Ihe former, everv porti f the furnace is visible, and i^ 

indicates an excess of air wliich means an oxidising atmosphere. If, under"" 
thfise conditions, the furor utjiins a bath of bra—, the oxygen "ill aeti(-h" 

attack the alloy, uniting in the tirst place with the volatile zinc, to for rid* 

of zinc, which is carried on with the products of combustion, and. in the MOOD ; 
place, with copper, to form oxide of cop]wr, which remains in solution in the 
bath of iiielal on which il has a decisive effect. 

If, on the other hand, the furnace contains a hath of molten cast-iron, tl"' 
effect of an oxidising Maine would be in the main to oxidise silicon ami 
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The direct value of this is that the flame may In; varied at will, 
the nu# of iron, samples are taken, east in dull or wind moulds, and 
trow jm i-.viiiiiinntioi! of the fractures, Further treatment is decided. Tims, if 
tlip iwith is intended for a chill, and the chill on the tost sample is too itm, 
then grey pig or ferro-silicou may In: added to rod nca tin' depth of the chill. 
li, :.s is more prolmble, tins wimple shows too little chill, the bath i* held in 
bind until sonic of its silicon h:ia hi-en oxidised out. Similar control is offered 
in the case of iron for malleable castings. 

With gun-metals, brasses, or bronzes the furnaces must, of necessity, l>e 
worked with a smoky flame, which means high Fuel consumption. Ab an 
illustration, a charge of yellow brass can la' completely " de/.im'itied " by means 
"f ;i clear flame, a bath of molten copper collecting, and the zinc being drawn 
'i|> the stuck, as oxide, unless means are taken tf> collect the white oxide in 
'!■•- Sues. Therefore, excessive fuel economics with this class of alloys mean 
"ie-tal losses in the furnace, ami coal is cheaper than zinc. This does not imply 
"in tone need be necessarily extravagant in the matter of fuel, but simply 
'" I Icntes thai tin' atmosphere must he maintained in a condition suitable to 
'it* material being melted. 

The average consumption in a series of air furnaces, varying from 2 tons 
'■*P to 20 tons, is about j cwt. of coal per cwt. of alloy melted under the most 
table conditions of melting. The average metallic loss cannot !«■ exactly 
' ' ■' t «■(!. I, u( it ia in the neighbourhood of per cent. This loss is ohieflj /inc. 
nn<\ H .jn ]„. referred to in detail in the chapter on alloys. 

Taking the smaller furnace, 2 tons, an average of two years' intern littent 

^'•'"liiiig gave 81*7 11m. of coal per cwt. of alloy, and during the period the 

■ tlKivs were melted at an average rate of I cwt, in UA minutes, Coke-fired 

'' r "<-il,| t i furnaces melting similar grades of alloys, in crucibles varying from 

'**0 to .100 lbs. capacity, consumed S(5'3 lbs. of coke per cwt. of alloy melted. 

*"tl, these figures could be reduced if one type of alloy only were melted, and 

""■'i :d «iivs in uniform weigh ta ; but it will be noted that the crucible furnaces 

™*e 100 t» 300 lb. note, which, in the lower weight, means excess of fuel. 

' "''ilurlv. in the period under observation, the air furnace charges varied from 

** ^wu*. up to 40 cwts., the latter giving a lower ratio than the average and 

"■ former a higher one. It must also be noted that the authors 1 practice has 

W| 'vs been to melt "hot," their experience leading to the conclusion that it 

" °Qeaper t.i, regard the quality of the alloy than the ami unit of fuel consumed 

Ung it. 

. Under ordinary conditions, the air Funiace cannoi 1"' work.il continuously, 

'' r heavy chill rolls or large brass castings tiro ouly produced at intervals of 

weeks, as the rase may be. In malleable foundries, where three or 

. may lie taken off" each day, advantage is taken of the accumulated 

/"*t in the furnace from first heats onward, and the fuel costa correspondingly 

Similarly, brass foundries, working with small air furnaces of j to 

i capacity, with natural draught, give fuel ratios much lower than the 

'y'U'ilile furnace, and, in addition, then' is the saving which results from the 

' ''"aiiidon of the crucibles. In this ease, immediately after tapping, the 

recharged, and the heat of the previous charge thereby utilised. 

"•' lines of the ordinary air furnace reduced to the small capacity required 

- ;, '-;.i, exceedingly good melting furnace. It should, however, be anted thai 

«« (hanks must lie exceedingly hot. 

Regulating the Draught. Owing to the fact that an air Furnace is 
Kited with a long flame, sliding metal dampers In the flues are useless, as 



they inevitably warp and jam. The beet method in to Bt the ashpit *Hb 
doon which open outwards and (.Tin thus be readily inljunUil to reguutfa the 
current of air. Whet) working with •■< smoky flame, on ujn-nii il; Mm fire iw 

the atmosphere of the melting chamber clears, anil the metal may be eaWWBW 
through the night hole, a convenient sigh! hole being formed hy a small boll 
through the side, plugged with a hiose brick, und the joints .seamed with wel 
■and. 

The top of an air furnace may V* removable in sections for introducing 

Isirgc waster eastings o|- M.Tap ilittirult to break. 

Charging Hot or Cold.— The authors' experience on fame 

mitten tly worked is that the result for any one heat, starting with the 
furnace cold, is the same in cither owe, and it in much more convenient to 
charge the furnii.ee "hen cold. In melting to composition, copper and niiv 
scrap are charged first, und, when nearly melted, the requisite amount of tin 
is added, which will quickly take the mass down to a liquid state. Zinc 
should never be added until the other constituents are molten, us it cm 
then he plunged he low the surface, and oxidation losses to soma axM 
reduoed 

3. THE SIEMENS FURNACE.— The Siemens open hearth furnace cm- 
l«»ltes a new principle on those already considered. It is obvious that tbc 
giiscims products of eoriihustiou leaving a furnace must he as hot U or hotter 
than the place they are heating up. In the crucible furnace, during a auuJ' 
fraction of the lime of melting, a small portion of the heat of the gUM I 
given to the cold coke added ; in the air furnace the hot gases from il"' 
melting chamber are partly used to heat Up cold pigs; in the cUDObi dir 
hot gates from the melting zone give up some of their heat to the COM ill"-'' 

■ban before they escape ; hut in all these rases the gases leave the fw \ 

at high temperatures. In tbc original form of the Siemens furnace u** 1 
principally for steel-melting temperatures, a systematic arrangement is in 1,1, 
for storing the heat of the furnace gases for use, in two pairs of sepwul* 
chnmU'i-s of refractory brick checker work, which are so built that the 
extremely hut gases from the melting chamber mac have their exeat 
one chamber of each pair liefore passing to the chimney at a tel 

merely high enough to keep up tin- necessary draught ; while from ll ''"' 

member of one of the pairs the cold air absorbs heat previously left by i" 1 ' 

products of - ibustion, and from the other member of the second pair i' ,e 

producer gas also absorbs heat, so that air and producer gases both enter < l J\ 
furnace at a high temperature. One set of checkers will thus be gradual W 
rising in temperature, while the other is falling. By suitable vnKcs l \ 
whole direction of these currents is reversed, and the cooler cliamben are n' * 
ready to alisorb heat easily from tin- cases, while the hotter ones are ready 

heat the incoming air and gas. The most suitable length of (i Ih'Ih«"-'_. 

reversals for a given type of work is found by experience, and f.ir steel -niclti J* 

is about twenty minutes. This is known as the Siemens regenerative prindp* 

and the chambers of checker work are known as regenerator- ui re 

although it will lie fairly clear From their action that heat accumahttora WM< * 

be the best, as it is certainly tiie most accurately descriptive term to use. '' ' 

they merely act by storing up or accumulating the excess of K< 

that necessarily in the gases as they nune from the furnace ami that rcpiir*'" 

for producing the pull in the stack. Having accumulated this heat !■ 

it up again to the comparatively cold air and gas liefore they 

furnace; and thus, when these combine and convert their potential ihcnu 



into the beat form, the heat h not required to nine the whole of the 

oni ft low temperature, Kut only from, say, a bright orange or yellow ; 
■■ hlvntly more heat to spare f.n- raisin;.' ilif charge and tin- 

to tli" 'lif iii '1 temperature tuiil maintaining them at tlie dsgrSM of 
piired during the working of the charge. Tin 1 uninitiated seem to have 
:ulty in understanding the manufacture of ordinary illuminating gas 
.he coal in subjected to a high U'lnjiei-aturi' in 11 closed vessel and the 

gaseH driven off, cleaned, and used for illumination, while a residue of 

" Fixed Carbon " is loft, but find it not so easy to see how in a gas 
>r the whole of the combustible part of the fuel, volatile and fixed, 

converted into gaseous fuel. The simplest way to consider the action 
bink of gas producers as being merely deep "fires with more or less 
te details for convenience and economy in working. In the Duff 
?r, shown in figs. 190 
II, the draught (as is 
ly the case), is obtained 
high -pressure steam in- 

the nigh -pressure steam 
from a fine nozzle, 
ii air with it ; hence, it 
ken of as an induced 
t. The oxygon of the 
iting the hot solid carbon 
Lhe grate combines with 
Dm the gas carbon di- 
oii| much heat is evolved 

= C0 3 ). This gas is not 
ilible, but tit the high 
at urc produced it com- 
cith more solid carbon 
ii carbon monoxide and 
I absorbed, but a com- 
r gas is produced which is 
>ry hot, C0 2 + C = 2CO. 

, passing in we Fm. IBO.-The DinTGiis Produosr. 

itrogan of the air, and 
.i nd for giving the pressure of air. The nitrogen is manly a 

and dikes no part in tin 1 chemical action, but it shares the result, us 
.t evolved must heat up all the gases present. The steam, boiwnr, 
t on the carbon of the hot eoke, and there is again mi absorption of 
nt two combustible cases, carbon monoxide and hydrogen, are formed, 
) = CO + H,. Thus, there are carbon monoxide, hydrogen, and nitrogen 
ii fairly high temperature, and these hot gases now pass through the 
b\ii- nf tin 1 tiri', and meeting the imdecom posed con] drive offits 
matter, mainly complicated series of hydrocarlxms, which, for 
in. WO hiftve put down as marsh gas (CH,). The distillation nhsnrlis 
nore heat, but, again, we gain more combustible gas. Among these 
irlwns are some which, if cooled, would produce ordinary tarry matter, 
original .Siemens design the l'us->s were purposely cooled down, and by 
-nils the sensible beat was lost, together with the tarry matters, which, 
present day, give some little trouble by condensing in the lines and 
In the new form, the producer L'as, consisting of I'D, H, N, OH,, and 
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other hydroearlsjus, and a small proportion of CO, (as tLf conversion to CO 
is never perfect], passes direct into t ho furnace with .'ill its sensible heat, and 

holding the tarry matter* in a state of v»] r. It i- evident that only aw 

pair of checkers u accumulators in needed, because the gas is taken rlirtil 
into the furnace, and, the steam supply he in g regulated to give the .lesirid 
flame, the depth of the Bre is so regulated that the top of the producer u kepi 
iitu nice even red (about MOO* C), its seen through the potter holes at the top; 

while in the old form, 
as the sensible he.it is 
lost, the top of the 
producer is kept cum- 
purutively cool. Aa in 
erucible work, so here, 
theair in making itswaj 
through the fin teai 
to bum out cavities 
and form imAuaI 
arches, which must 1* 
broken up by working 
a potter or long poker 
bar from thorn and in 
some eases from sW* 
potter hole 

M ill thus 1«.' MB ■*• 

practically all the ea» 

bustible materia) nut)" 
be converted into (-•« 
but the ash or niilnnl 
matter remains citlicr 
loose or parti] i"-" 1 
into clinker. In some forma of producer, in which the fire rests on lire Un 
the ash or clinker is removed every 24 hours or so. This is managed b] 
stopping the blast, opening the air-tight doors near the bars, drivi 
false burs a few inches above the ordinary bio's till they rest on a ledge at the 
back. The ordinary liars are then taken out, the ashes or clinker raked M* 
the ordinary bars replaced, the false bars withdrawn, the doors closed W* 
wedged tight, the lire poked down, and the blast turned on again. The D™ 
producer shown in figs. 190 and 191 is what is known as a continuous form, i" 
which the bottom of the producer is closed by u water seal formed by the W** 
in the trough, and the ashes or clinker may be raked out from th 
any time without slopping the making of gas. The special feature of the D**j 
is tlit? peculiar form of the grid used as a grate, which din tributes the riir »* 
steam evenly through the mass of the fuel. lias, producers nut only viclil : 1"* 
for melting purposes, but also for almost any other operation requiring li' ::l1, 

such as drying ladles und the heating of drying sloycs for moulds. The "■'' ' 

of the Siemens open hearth furnace, shown in fig. 192, is the old Sh«ffi«* 
Technical School ftn-nace, designer! by Mr. I!. H. Thwaite, C.E., aooarding* 
Prof. Aniold's general in struct ions, and used for the training of student*- 
Although 20-ton charges for castings and 50 tons for ingots are coiauw" 
enough to-day, it will show the adaptability of the process that charges of IS In 
25 owte, of all kinds of open hearth steel were made in it with comnlttl 
success, and the three most interested spectators of its working vera knt 
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American managers of tho leviathan tumuea of the day, who saw a 13-cwt. 
hc«t finished and [poured. There is no doubt thut the typo would work well 
up to 5 tona at least. The producer was placed sear the I'uniucr, .'uid worked 
with a hot top, like the new-form Siemens, so that only one piir of heat 
iceumnlatOTB ma needed, for, the gaa being hot, only the nir had to be 
hcateil. The air was brought in under pressure, as the special circumstances 
did not admit of a stack heing erected. Tho section is introduced here, us the 




Fin. 192,- 

ivr I'U'i'v satisfaction in practical working, :ind, if carefully studied, 
it slum, more clearly mid simply than any other design ivhat is meant by a 
dimace working on tin' Siemens re n cue rati ve principle. Anyone wishing 
detaila of the varieties of larger forms must consult special works on the 
nl. l> -rt. such as those by Harbord or Campbell. 

This, and similar furnaces, may lw run with an acid (.silica) or a basic 
(calcined dolomite or magnesia) kit loin as desired ; and, liesides its use for 
■teal making, may be advantageously employed for any of the ordinary purposea 
of an air furnace whore tho output is sufficient to keep it ill work. When bj 






4. THE CUPOLA.— The oupola, 



t., get he 



steam jut near the top of the stuck c 
a suitable (ipi'liinjx, for convenience i 1 
and Hux us reeiuired. The fin 



means of suitable reversals at regular intervals .1 white heat is obtained, tl 
basin-shaped acid bottom is foriiii.il hv iisiiii; Calais sand with alnait o |ier cria 
oi red sand nixed with it, or Home mixture of a similar Datura, and burning 
in, in thin layers, by pouring the loom Band on and then bringing each lay 

in tli"- highest ti-]ii[R-r;itim' of the furnace. Finally, a melt o! 
perhaps, one of pig-iron, known aa the pig-waah, consolidate the bottom »i« 
team it ready for ngulat work. 

(las crucible holes ;ire worked on similar principles, only, histoid uf *■ 

Open hctirth containim: a bath of molten metal rim] slag rcactinj: ( if iiimllii'i 

a slightly dirlc.re.tit shape of hearth i.s formed ; the bottom is generally attd 
up of small eoke, anil crucibles are placed on these and receive the usual tvj-- 
nf charges. 

in its essential features, may be OOtmkn 
■lory iiiiitj'fiiil. suitably supported iilidln'l- 
mil 1 1 ii- l'utl'iio closed, excepting fur tli 
irt distance above the bottom are hokeb 
forced in miller pressure or induced bj 
r by other means, and about half-way ".' 
a charging or throwing in the metal fw 
i being hot, the air of the blatrt oombu* 
ivith the carbon "f the fuel to form earimn dioxide, anil heat is given "'i' 
which W utilised for melting the metal in Contact wilh or alio w tin- fuel. Al- 
»t the temperature produced, the flhx unites with the sand of the |>i_ 
mid with the silica and other si distances formed (which would lie dry. ■>" 
would deteriorate the ipiality of the cast-iron), and forms ,\ lusilile material ' 
slag. Some of the carbon dioxide formed takes up more eitrbon to form ejirl" 
monoxide, and, as heat is thus absorlaxl, any of the combustible carUm in' 1 
oxide that escapes at the top and lain is in the uir represents so 11 inch loss : f p 
it will be remembered, that the calorific power of carbon burned to oarb" 

di'cxiile is Sl.'lt lieat units, while thai of earl 1011 to carlion molloxid 

only about one-third of the maximum. When the melting begins, the t 
hole is stopped up by 11 "bod " or conical piece uf suitable plastic refract" ' 

material, and the molten metal and slag aeeuniulale in the botto I" t 

cupola ; the cavity between the bottom and the tuyere level represents t 
capacity of the cupola to hold molten material without interferine; with I 
blunt. When sufficient metal has leathered, a hole is made in the >kh! mm 
■ pricker bur, and the metal tipped into a ladle and taken aw i\ to B 

moulds. When all the metal reijuired for the day has been t lown i" 1 

is always some coke, and perhaps some iron, left in the cupola. All I 
iron might be melted out, the coke ultimately burnt away, and the ash flirt, 
ott", perhaps ; but this method would be a great waste of lime and material 
hence, some comparatively large portion near the bottom is made to la- 
off easily, or the bottom itself made in halves and hinged so that they cs 
ho held np during the heat and dropped at the end. so that the coke left n* 
any iron that may remain is dumped on to the floor and cooled off Ai 
large portion of coke or slag sticking to the sides is brought oft', the tuven 
cleared, and the whole left to cool. Thus the fundamentals ol the oupola « 
remarkably simple ; but, like many other things, it is not so simple aa a asem 
if the operations are to be carried out to the liest advantage, Consider:*'' 
skill must be exercised in the desu/11, building, and working of the furuaoe 
procure regularly the best results with the materials available, and nuinero 
modifications have been made in the general structure, while dodgoa in tl 
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worthing are almost as many. Much has lieen written on cupola practice in 

reo^nt years, and one excellent work of 360 largo pages is entirely devote! to 

i\ (Kirk on The Cupola Furnace). It is well to study the alnwo simple priu 

ci;pl€>4£ with care, and then the idea of the various modifications will U» clear, 

although just the measure of success to be expected, and the typo of furnace 

or <lc?tails of working to get the lwst results with the greatest economy, will U» 

fcmncl quite worthy the careful thought of even the most skilful managers ; 

f 01 % although some claim to melt with less than 2 cwts. of coke to (he ton of 

iroil » many use 4 or even 6 cwts., and some have l>een known to use 10 owu*. 

*°_ *He ton. Many a cupola has been made by lining up an old l>oilor shell 

witfi fire-brick, after cutting out suitable holes for doors, etc., and many such 

art3 iio doubt at work to-day ; but supply firms now make a groat feature of 

their own special design of cupola, and these are delivered all ready for erection, 

^ tliait the user gains the advantage of the specialised experience in design of 

the particular firm with whom he elects to deal. With our primitive cu)>ola 

111 mind, with all its bare essentials, it will lie well in a few sentences to review 

»°*Ue f the special features of designs, illustrating only the Stewarts Kapid 

*** H £:ood British example, fig. 193, the Whiting eu|>ola, fig. 191, as perhaps 

the l>ent of the American designs, and fig. 195, the (Jroinor and Krpf, sjnvial 

arrii njrement of subsidiary tuyeres. In every cupola a sjkicc of j inch should 

■^ left between the fire-brick and the shell, to allow for expansion and contrnc 

tK>n, an( j tn e space may be loosely filled with jwirting sand. No definite 

J^'Htiou can be given as to tuyere area, but, roughly, the tuyere area should 

1x5 °He-tenth the cross-section of the cupola in small and one-seventh in largo 

exaitipjgg Tuyeres are, as a rule, circular, and where two only are employed 

are supplied directly from the blast main, but, where more than two are used, 

an air belt or wind chest is fitted to the cupola. The majority of tuyeres 

P° ll *t straight in to the cupola, but the Doherty tuyeres are placed at an 

an K'e to give special motion to the blast, without, apjMirently, any advantage. 

Iu the Colliau design there is a double row of tuyeres, one al>ove the other ; 

*"°**Q in the first row are from 2 inches x 6 inches to 4 inches x 14 inches 

hor i2oiital, those in the second row round, 2 inches to 4 inches diameter, and 

en ^°Hng at 45*, pointing downwards towards the centre. The Whiting tuyeres 

^f 6 **n improvement, both rows being of similar sha]>c and horizontal. The 

^■eKenzie tuyere consists of a continuous opening round the circumference of 

. ne cupola, and the blast thus enters as a sheet. When a second row of tuyeres 

8 Hclded, as described above, the idea is to burn any carbon monoxide formed 

c **rbon dioxide; but Greiner and Krpf claim that, only too often, with a 

Jf^°*id row of comparatively large tuyeres the burning is so concentrated, and 

jjj* the temperature maintained is so high that the carbon dioxide formed is 

ir **ciently hot to react on hot coke and form carl ton monoxide again ; their 

. t^^la. therefore, has one main row of tuvcrcs and then a series of small tuveres 

, *■ spiral form for a considerable distance up the cupola. They claim that, 

* Supplying the extra air needed in small doses, they burn all the carbon 

r"***«>xide to carbon dioxide without raising the temperature high enough to 

*C>llowed by the reaction of the carbon dioxide on the coke again. 

filast pressure varies up to 14 or even 16 ozs. per square inch, and is 

B^Grally higher the greater the diameter of the cupola ; a fair average would 

"* *bout 6 ozs. for small cupolas to 10 or 12 ozs. for large ones. 

For raising materials to the stage, hydraulic hoists are generally used 
in this country. 

Linings. — The lining generally consists of good fire-bricks set in fire-clay, 
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the latter thin enough to allow the bricks to touch at all points, as wide joints 
lead to a short working life. If the cupola is lined in sections of 3 or 4 feet in 
depth, each section being supported on angle-iron rivetted to the inside of the 
shell, then any one section can be renewed without disturbing the others. For 

the severe work implied by long or continuous heats the 
cupola may be partly lined with bricks, dried with a coal 
fire, and then be rammed with ganister round a short 
wooden model, raising the model and repeating the 
ramming till the charging door is reached ; then the 
ganister lining is shmlarly dried. 

The details of the cupolas selected for illustration 
will be well seen from figs. 193 to 195, and, as an 
example, the most important figures of a standard type 
drop lK)ttom cupola may be taken at 44 inches diameter, 
12 feet from sole to charging door; 6 tuyeres, 6 inches 
in diameter, 18 inches from the bottom, and run with 
a blast pressure of 9 ozs. Volume of blast, not pressure, 
is the essential {joint, also that the blast should reach 
the centre of the cu{K>la ; and as, with cupolas of more 
than 60 inches diameter, this is difficult to effect, the 
diameter is reduced at the melting zone, or some such 
device as West's centre blast is used. 

There are many varieties of cupola other than those 
shown here, of which there is only space to mention the 
Woodward, worked with induced draught by means of 
a high-pressure steam jet connected with the shaft above 
the stock line ; and the Herbertz, working similarly with induced draught, 
but drawing the air in through a double casing surrounding the whole of the 
cupola and with a slot tuyere regulated by having a movable hearth that can 
be moved up or down, so as to diminish or increase the width of the slot. 

The mode of operating the cupola is given in the next chapter. The 
Stewart Rapid, shown in fig. 193, has a smaller diameter in the melting zone, 
is fitted with two rows of tuyeres, and has also a receiver for collecting the 
molten metal, thus giving some of the advantages of an air furnace. This 
receiver is connected by a ganister lined pipe te the body of the cupola further 
up, but those we have used seemed to work quite as well with this pipe 
removed. 




Fig. 195.— Greiner and 
Erpf Cupola. 



CHAPTER XXIX. 



MIXING BY ANALYSIS. INFLUENCE OF REMELTING. 
WORKING THE CUPOLA. 



Mixini; by analysis-, tempered with judgment 1 
steadily replacing mixing liy fracture, by gucssw 
lal inn of in \{ i ires \ t \ analysis, given the umnpositti 






B of Liu 



nibilil.', and of tin- castings i 

molting, liecoiues merely a i[uesti 

-..\ the Sheffield Technioiil Bel 1. 1 

who had in be taught ho* to oal 
tlii> manufacture of steel, found t 

iiii<']il iii juggling with figui 



pig-iron and scrap 



mil the chillies thai lake place in 

■ ■ r arithmetic. A. WWilliam, in 1889, 
ug faced by a class of students from works 
lull- mi in- in' ji'sj* cr>]ii|ilii,itiil mixtures for 
R' members of that class not sufficiently 
i' tin.- necessary calculations, set himself In 
simplify the problems, and dcsigmil what has become known to more than kill' 
,i generation of students as the " pound percent." method, with its " platform " 
HKKJiii, Mtii.ii, ,i method that is still in practice at the .Sheffield I'liivcrsity, and 
is daily employed by many in the works. It lins been found the easiest also 
iii carat calculations fur students of dental metallurgy und for other similar 
purposes, ft should be obvious that the influence of a material in it mixture 

with regard to any one element is proportional to the weight of that terial 

ill the mixtnrt' and to the percentage of tin: particular element it contains. 

Abo, that the combined inllmtn < is obtained 1 1 v lliplyiiig tin.' weight of the 

material liy tin' percentage nf t hi- clement. Tims, if 1 Hi. of a material cou- 

i |"T rent, 'it' silii'nii is used in a mixture, 2 lbs. at I per cent, silicon 

mi ii I M uivi.i twice tin' a ni< ii 1 1 it i if si] in in to tlir mixture, and 3 JOB. at I per ri'iit. 

:i tines ; while 1 IK at 2 per cent, would give twice, - lbs. at 2 per cent, I 
rum-, and, generally, the number of His. multiplied by the jn-rLi-ntiu.- thev 
contain gives a measure of their influence on the total ; for, indeed, it repre- 
sent.- the actual amount of silicon uddiil in Ii iiiidri.il ths of a pound. This 
unit is given the nuuie of lb. per cent., to act as a guide in remembering 
that if the amount be spread over so many pounds, divide by the numlier of 
pounds, and the result is the percentage; or divide by the percentage 
required, and the iber of lbs. in which it would produce that percentage 

J* obtained, or: — 



lbs. * per cent. = lbs. par cent 



His. |MT Will. 

lba. 



lbs, psrosat ii 
ptt mil. 



Am- other unit of weight may be used us uwts. per cent or tons per Beat., 

.-mil any fraction other than hundredths ; thus, using carats or twenty -fourths 

■ ■■■lkry ; the unit carat ••/.. is employed. The problem that lias to lie 

diced in the foundry i.s not the composition of the uiaterial us charged, hut what 

i bu e position will be in the casting; and in cupola work, aa in all other 

melting operations, we are thus at once brought to consider the influence or 
r . -melting on the cmiipiisition of the metal. Everyone must test this under 
I,;- Him conditions, but examples will show the general type of changes to 
BXpeot- In renielting an ordinary grey iron mixture there is, as a rule, a loss 
OJ about 0-J to U'3 per cent, of silinm. Unless the total carbon be abnormal, 
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this will not <-liiinyo much ; Kiit, if abnormally low, it will tond to i» 
ii normal amount by reason of contact »ith the coke, mid hence very low earl* 1 '' 
mis tun.:'- i-aimot be successfully melted in the cupola ; a good reason why t'' 1 -' 
molting of steel-casting mixtures in the cupola, as baa been attempted ^ 
more than one firm, has not met with But cess. The manganese will deere* 86 
to a variable extent, Q'2 to 03 representing a typical loss if about 1 per bB"* 
is present in the charge, while with a low manganese content (like 0*3 per OB ■ J* - ) 
the loss may be almost nil. The phosphorus comes out practi evilly accord 5"^ 
to calculation; while the sulphur, again, owing to contact with the fuel, -*««' 
lie found to have increased, an increase seldom less than 0'02 per cent., uni caa 
with exceptionally pure coke or with a charge initially high in manganese, "*" e 
manganese in the latter ease apparently combining with the sulphur in "* ,lf 
metal and taking it into the slag. An interesting article in the Iron .&- '/-■ 
llKh November 1903, by J. Wangler, St Louis, summarises the experimental "» '■'' 
have Ih.'cii published on the influence of the use of manganese ore ns^ a 
preventive of the absorption of sulphur in cupola milting, the results be * "- 
mainly those of P, lteuseh and of F. Wuest, published in Staid vwt Ei**** 
The latter used a 32-inch Herbert/ cupula with coke from the Ruhr disln*-<''< 
containing - 7 to 1'3 per cent. S, and added 1 1 lbs. of manganese ore (91 -gpe* 
cent. MnOo) and 13 lbs. uf limestone to each charge of 80 lbs. of coke and '- 
cwts. of pig-iron. The average of 33 tests showed Si, 218 ; Mil, 0-75: S, 0-*6 
per cent.; the average of 10 testa, with 51. lbs. of ore, gave Si, 1-75 ; Mn, 0-fr5 5 : 
S.0'09 per cent.; the slag shoved SiO„ 55 ; A1,0 S , 7 ; FcO, 15 ; MnO, 12: Cm& 
10; MgO, 0'03; S, 025 percent.; whilst during the same period (1901-3) 1 * 5 
□aatings, made by 27 different linns, with similar coke, averaged Si, PCS' *> ; 
Mn, 0'62 ; S, Oil ]>cr cent. Spiegel nr ferro-iiiaugmiesc iLddi.il to the chn* -' 
has a similar effect ; and Messrs. Dngald Keiinic A Sons, always ready to rep*- '*' 
promising scientific experiments on a commercial scale, ran some s-ktuI lie - - 1 " 
to test the matter for this work, and their results generally corroborate *>' w 
trend of the figures given. There are obvious disadvantages for some cju^*^**' 
such as the scouring nature of the slag or the increase of manganese m at--' 1 '' 
metal ; but when the principle is established, these can lie weighed up by e; ■^» 1 '' 1 
one for his own particular commercial conditions. 

A special case of a general mixture for light foundry work i> givm u " 

example of the kind of test that should lie made by the fouiulei' t" 
measure of the changes that take place under his own conditions of worki^^'K* 
Analyses were made of the actual consignment of each brand anil of the scr^^ 
to be used, and, as the charge consisted of equal parts of these, the ealeulaC^-- 
composition is the simple mean of the results : — 
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MIXING BT ANALYSIS. INFLUENCE OK REMELTIKG, ETC. 

The aliove shows losses of 0*29 per cent. Si, 22 per cent. Mti, and it gain of 
33 per cent. H, whilst phosphorus and total carbon remain poetically as 
rged. 

The Calculation of Mixtures. ~PrM*,m 1.— Take first as example of the 
plest case in the cal dilation of mixtures, namely, given the weights which 
kc up the charge and the percentage of any one element, such as silicon, 
t each item contains, what in the calculated percentage of silicon in the 
lire .' Let the mixture l>c S cwts. of pig containing 1-92 per cent. .Si, 2 cwta. 
'l\ per cent. Si, and 3 ewt«. of scrap at l"6 per cent. Si. Multiply each 
trlit- of pig or scrap by the percentage of silicon it contains ; this gives the 
a, per cent, of silicon added by each. The sum of these numbers represents 
total dirt* pel cent, of silicon in the charge. Divide by the total weight 
he charge, and the result is the percentage nf silicon in the mixture, thus: — - 



Those i 



= Cwts. per pant, of Si. 



'~ , " rl '°'--i".2p.r«»fiU I o n 



who do not care for calculations will find that this em 
.resenting only the simplest multiplication, addition and division, contains 
that is necessary for testing mixtures to find out what their calculated 
ujjiisitii'ti is ; mil i. with the were extension to "t her elements and entered 
lli- tabular form shown later, the most complicated mixtures may be 
ciliated without confusion. Thus, a man with good judgment in making 
\luies may, with the tabular form shown and by means of the simplest 
eolations in the whole range of arithmetic, check his judgment by figures, 
i confirm his mixture or modify it if found desirable. 

Problem 2. — When the compositions of the materials are given, and the 
i_l,i 'irei'ssary to produce 'i given conqHisition of charge are required, the 
iblein is of a more confusing l\'|>e, particularly w Inn several elements are 
seined, although this also may be converted into the first type by judging 
at would give the desired result, testing this and modifying according to 
i result obtained. The authors have found that in even the moat complicated 
*es a third trial is nearly always successful in the hands of the average man. 
Hitting the judging method, which can be tried by anyone, calculate the 
ightfl of the above materials which would make a charge containing 2"0 per 
■I of silicon. Look at these materials, not as to their actual content of 
m mi. but as to their positions above a percentage platform equal in height 
the lowest of the three. This, obviously, eliminates the lowest from the 
eolation, and shows that the weight of the other pig x its height in Si above 

■ plalioi i nsl equal the weight of the mixture x its height above the same 

liferm, Thus, L-92 is the lowest and 2-5 is 0T>8 atmve and 2'0 is l>08 above 
..! I 112 platform. Hence, weight of 2'5 pig x 0-08-7 cwts. x 008, and weight 

■•:, pig = fl '" fi = 0-97, or, practically, 1 cwt. The weight of the I'M pig 

juired is .-.7-1=6 cwte ; and the reader on cheeking this charge, as in 

i.bkui I. »ill find that it lea to 2"0 per cent. 

ProShmS. — Assume that the exact reverse of No, 1 is required, namely, 
at 30 per cent, of 1-8 Si scrap must be used in a 10 cwts. charge. 10 cwts. 
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at 2 per cent, require 20 OWta. pel cent si, but S ewte. :it 1-8 per cent. 



add 5-4 oirta. per cent Si, leaving 20-5-4, 

- - -. , , . 14-6 

renaming i cwta., an average ol _ ■ 



three remaining ia the [•99 pig and fl ther is 0-58 above, whilst the " ftm* 

will lie 017 above ; hence 

cwts. of 2-5 pig x 0-58 = 7x0-17 -=W9, 
and cwts. i 

or, practically, 2 cwts., and the weight of the other = 7 - 2 = owta, 

Problfin 4. — Passing to some examples of the type of No. 1, all tal^ 6 ' 1 
from actual ''uses extensively used in the foundry, charges for eastings wh "*''" 
had hydraulic lists to pass, such as those applied to high-pressure v:ik~"'"- 

isisk-d of ii cwts. i>f Stanton No. IV., 3 cwts. of Gartsherrie No. III.. 1 ' "*- Vl 

of Warner's C.B.R. No. IV., and 5 ewts. of foundry scrap. 




14-fl. t» be found i 
r cent. The lowest of <** 
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Cwts. 
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liitle out a form, as shown above, leaving a column for names of materials ' 
one for weights used, one for each element to be considered, and one for ' , 
cwts. per cent, column for eaeh of the same element*, Leave a number ■■ ., 

lines equal to the items in the mixture and one extra for the mixture itse*T " ' 
Under the composition columns enter the corresponding results of aimlyse-^^^V 
Figure* are given that will show tho types of the pigs named; but thes 
numbers should, wherever possible, lie taken from the romjiositiorLs of til ■ ~~ ■ 
actiad consignments used. Taking the Stanton first, multiply the 6 cwts. i» ^^ 
column 2 by the 2 per cent. Si in column 3, and place the result in the "t ^ - 
column, representing cwta. per cent. Mi. Multiply the 6 by the 01 Mu i * fi 
column !. and record the reaidt in column 8 as cwta. per cent. Mu, the ,, 

cwts. x 00fi per cent. S in 5, and record in 9, and the 6 ewta. x 1-2 [HTient. I 
in 6, and cuter the result 7'2 in 10 under cwts. per cent, of 1'. Do the ttW * *"'. 
for all the other constituent parts of the mixture, add up the tut;. Is -.( tl» * ,." 
several cwts. per cent, columus, divide eaeh by tho total number of cwta. i^ J^, 



the mixture, and enter in the proper composition column. Thus, the tota-- 
of column 7 is 27'8 ewts. per cent. Si, and 27 '' S '"'^ iHT 55* Sl -1"S6 pat* 

IS cwts. 

cent. Si, which is entered in column 3 under Si per cent. Thus, in tine with, 
and immediately following, the total weight of the mixture is found tlier 
composition as charged. Tins form has been tried with success l.y lli<- 
authors on many people who arc easily confused with calculations. 



/ 
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Pntbm 6.— Another example of tin' type o( No. 1 nay i* grmo without 

urther explanation. Tin: mixture i- u.sed e\tensively lor heavy l 
■ylinders. and eoiisists of 1 cwt. of No. 1 Staffordshire eold Must, 2 cwte. of 
"to. 111. West Coast hematite, 2 cwta. of Coltneas No. 111., and f> ewta. of good 
■iiL-'iiM- scrap, iivonijrinif 20 per cent. Si ; mid it will be soon that, with the 
ompositions jriven, this would culenliite tn Si 2-1-1, Mn 0*fi7> S 006, P 0'59, 
it charged 




I In, would represent about 1-9 Si, 0-5 Mn, O08 S, 0-6 P in the castings. 
We shall no* attempt a few of the more difficult type, such as Not. 2 and 

! ; all these problems have ln'i'ii presented from I'lumiliV sources, ho that tlu'y 
'..ii Id not, even uueonsciously, have l«en made to suit the method of 

-aJeoktuo, 

PriitiUm 6. — Wanted a cheap mixture for stove grate work, tlie limits 
wing si 2-1 to 2'7, 1' 1-0 to 1-3, S less than 0-15. The phosphorus so easily 
ill-, the pigs given, the silicon also is a common foundry one, the sulphur is 
i-iisv, and the limits for a calculation are so wide that we shall not work this 
ipiit, bat leave it to the student for practice. 

Pmhlem 7. — The oastings are required to contain 2*5 per emit, of ail! 
not more than 0-6 of manganese, o-os of sulphur, and 1-0 of phosphor 
I'revions experience shows that with our conditions of design of cupola, oofce 
i-'il. I'fi -•.ni-e of blast, and rate of molting, it loss of 0*2 silieou, a loss of 0*2 
manganese, and a gain of 0-02 per cent, of sulphur is ex peri '-need. The 
mixture must, therefore, calculate as marlv as possible to 2'5 + 0'2 — 2*9 per 
cent. Si, 0'6 + 0"2 - 0'8 per cent. Mn, and d'08 - 0'02 = 0-06 per cent. 8. 

It has already been pointed out that the first element to consider is 

phosphorus, u, in anj aeries of pigs, that element is fairly eonstant, and 

w« find llolwell with over I percent. P, hematite with 0-05 percent or so, 
and Scotch with 0-7 per cent P ; it in obvious, then, that with the pigs shown 

in Chapter XXVI., oithei hematitr nrSmich v be mixed with the foundry of 

the district, which we assume to be Hoi well. Taking the Holwell at 1*2 per 
'■'■lit . P and the bematite al 005 per cent., and assuming that 40 per rent, of 
wrap from similar work and therefore of the cumpisition desired is ii.-ctl. how 
much hematite must he added \ (100 lbs. of piy are required for each lOOt) lbs. 
charge working from .1 006 per cent. P platform 



lbs, of ib. 1 




vellx 1-15 = 000 Ihu.x 0-95 per cent. I 
,,.,,,_ 570 lbs. per cent. P.^ j^ 
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and the remainder 600-496 = 104 lbs. of hematite. The mixture wooM 
thus be 496 lbs. of Hoi well, 104 lbs. of hematite, and 400 lbs. of scrap. 

Proof.— 496 lbs. Hoi well x 1*2 per cent. P~ 595*2 lbs. per cent. P. 
104 lbs. hematite x 0*05 per cent. P= 5*2 „ 
400 lbs. scrap x 1-0 per cent. P= 400*0 



»» »» >» 



1000 lbs. mixture xx per cent. P= 1000*4 „ 

.*. x= 1*0 per cent. P. 



?> »» 



s. 




This platform method can be amplified to almost any extent ; the conditi ? 8 
of the work or of the district will generally fix some part of the charge. * n 
the case thought of here the problem was: — using a 1*25 pig of t^e 
neigh bourhood and our own scrap at 1*0 per cent. P, what is the amour*** c 
hematite necessary (minimum amount was the phrase used) to produce c&^ 
ings containing 1 *0 per cent, of P ? . 

Similarly, how much Scotch at 0*7 per cent. P would be necessary 1 -^J 
0*7 is the lowest percentage, we view the others from this platform. Hol'V*' 4 *- 5 
is 0*5 alx)ve it, and the mixture must be 0*3 above that ; hence 

lbs. of Holwell x 0*5 = 600 lbs. of the charge x 0*3. 

lbs. of Holwell = 18J ltaj^r «nt. P _ SM lhg 

0*5 per cent. P 

The mixture, then, is 360 lbs. of Holwell, 240 lbs. of Scotch, and 400 I 
of scrap, and the result can l>c checked, as in the other cases. Next, sup 
that a charge made up of three different kinds of pig is desired ; the probl 
is indefinite in this case, because it is evident, from the alwve, that either 
per cent, of Scotch or 10 per cent, of hematite may be used, each to the 
elusion of the other. Now, test the mixture with Scotch for mangan^ 
240 lbs. @ 1-3 per cent. Mn = 312 lbs. percent. Mn ; 360 lbs. @ 0*6- 2% ^^ 
and 400 lbs. @ 0*6 = 240 ; a total of 768 lbs. per cent. Mn, which, divided *^ 
1000 lbs. = 0*768 per cent. Mn. So that if you really must have 0*6 per c^^-^l-e 
of manganese in the casting, of the two yon must use this mixture, or 1>^ 
hematite one with ferro-manganese or spiegel added ; or choose a hemat>^ 
higher in manganese. 

Thus, the fundamentals of the nature of the charge are chosen, and, nav *-^^2 
settled, for simplicity, on the last shown, the Holwell, Scotch, and scrap (p^^^tf 
this part of the choosing may be done once for all, to settle the character ^ t 
the mixture), then the element most changeable, and yet, probably, 
important of all, comes to be dealt with, namely, the silicon. Assume t> 
scrap at 2*5 per cent. Si, the Scotch at 3 per cent., what Si Holwell must 
chosen to complete the mixture % 

400 lbs. of Scrap @ 2*5 per cent. Si = 1000 lbs. per cent. Si. 
240 lbs. of Scotch (a\ 3 per cent. Si= 720 lbs. per cent. Si. 

This makes a total of 1720 lbs. per cent. Si, but 1000 lbs. must conta^ 
2*7 per cent, Si = 2700 lbs. per cent. Si. There is .*. a deficiency of 2700-17 
= 980 lbs. per cent. Si. This must be supplied by 360 lbs. Holwell ; hence, tt**^ 

Holwell must contain* — h ' \ L * — = 2*72 per cent. Si; and this * 5 

360 lbs. 

found in your stock as Holwell No. 1 foundry. It happens that there is a pi£ 

that exactly fits ; but if there did not happen to be one, then it becomes a 
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of finding, say, two of these pigs that would make up a mixture of 

containing 2-72 per cent, silicon. 

is practically the most complicated problem that can occur, and it is 
ff it resolves itself into simple ones, always tempered with judgment 
; from the materials those that will possibly fit the case. There is no 
ing oneself the task of calculating how much mottled hematite should 
i to a No. 5 ordinary foundry pig to give a 3 per cent. Si metal for 
linders. By whatever method you may have arrived at your mixture, 

by trial, by general judgment, or by calculation, as shown here, the 
lould always be checked by the tabular form, a recommendation worth 
hen you have made out calculations for steel nuxtures containing 5 
dements, as was required of the authors at one time. 



9 rials 


lbs. 


Perce 

Si. 

2-80 
3 00 
2 50 


ntage Composition. 




lbs. per cent. 






Mn. ! S. 

1 


P. 


Si. 


Mn. 

216-0 
312-0 
240-0 


S. 

108 

4-8 

:32-0 


P. 


No. I., . 


• 

360 
240 
400 


1 
06 i 003 1*16 
1-3 j 02 j 0-71 
0-6 j 08 j 100 


1008-0 

720 

1000-0 


414-0 
170-4 
400-0 


t • • 


1000 


2*73 


0*77 j 0-05 0-98 


i 2728 

1 


768-0 


47-6 


984-4 



ough these figures are as the problem was presented to us, the Holwell 
absolutely ; but suppose that we had nothing nearer in stock than 
shown as Staveley 2*5 Si, 0*065 S, 1*1 Mn, and 1*30 P, let us see how 
a would come to requirements. Form the table as before. 



iala. 



lbs. 



360 
240 
400 



1000 



Percentage Composition. 



Si. 



2-50 
3-00 
2-50 



2 62 



Mn. 



1-1 
18 
6 



S. 



065 ' 1-3 
0*02 I 071 
08 I TOO 



0'95 0*06 



1-04 





lbs. per cent 




s, 


Mn. 


S. 


P. 


• 900 


396 


23-4 


4680 


720 


312 


4-8 


170 4 


1000 


240 


32 


4000 


2620 


948 


60-2 


10:38*4 



seen that this change gives us a mixture of 2*62 per cent. Si, 0*95 
. Mn, 0*06 per cent. S, and 1*04 per cent. V \ the use of this tabular 
trying mixtures, either those in use now, or new ones just calculated, 
rying (as we have just done) what difference would be produced by 
rtion of so much of some other pig perhaps offered at a favourable price, 
strongly recommended, as it almost prevents error by keeping the 
y figures in a compact form and very clearly defined ; it shows the 
f any change at once, and in the lbs. per cent, columns shows the 
ifluence of each item on the mixture as a whole with regard to each 
in turn. 
lem 8. — Required a mixture for hydraulic castings giving in the 

17 
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castings 1*4 per cent. Si, 0*75 Mn, 0*6 P, and S not more than 0*08 per 
cent., which would mean about 1'6 per cent. Si, 0*9 Mn, 0*6 P, and not much 
more than 0'06 per cent. S. This constitutes a difficult problem if one must 
keep to cast-iron materials, for, in practically all the pigs shown and in all 
ordinary makes with silicon at 1 *6 per cent., the sulphur is generally above 
the amount specified, and Swedish pig or American washed iron would be 
prohibitive, owing to price. One of the low silicon and low sulphur pigs 
shown in the table of erratic hematites and a type like the Derby brand 
might suit, but if the use of steel scrap is allowed then it becomes easier. 
Take the hematite shown as 1*4 per cent. Si, and 0*01 S, 0*02 per cent. P, 
a rather unusual composition, but the whole series is from careful 
personal analyses, doubly checked; and Derby at 1*30 per cent. P. 
Calculating as before, lbs. of Derby x 1 -28 per cent. P = 1000 lbs. x 0*58 

percent. P. lbs. of Derby =^ = 453 lbs., and .\ 1000-453 = 547 lbs. of 

1*28 

hematite. The hematite choice in the tables is rather restricted, so 547 lbs. 

of this hematite is assumed. This adds 547x1*4 per cent. Si = 765*8 lbs. 

per cent. Si ; but there are 1000 lbs. x 1*6 per cent. Si= 1600 lbs. per cent. 

Si required ; hence, the 453 Derby must provide 1600 - 765*8 = 834*2 lbs. per 

, C1 . ,i n , . 834*2 lbs. per cent. Si , OJ , . , 

cent. Si, and should contain tf^it =1*84 per cent. Si, and 

453 lbs. 

the nearest to this contains about 1*9 per cent. Si. Test the mixture by the 

form as usual : — 



Material. 



lbs. 



Hematite, 
Derby, 

Mixture, 



547 
453 



1000 



Percentage Composition. 



Si. Mn. 



1*4 
1 9 



0*7 
0*6 



1*63 i 0*65 



S. 



0*01 
012 



P. 



02 
1-3 



0*060 



0*60 



lbs. per cent. 



Si. 


Mn. 

382*9 
271 8 


765-8 
860*7 


1626*5 


6547 



s. 



5-47 10-94 
54*36 588*9 



69*83 599*84 



This would come very close to the requirements, only the Mn would be rather 
low ; and should this be rigidly required up to specification, if a suitable pig 
low in Si, S, and P could not be found, it would be easy to add a small pro- 
portion of ferro-manganese to the charge, the amount of which the student 
could now easily calculate. 

Problem 9. — Take the same case as last, only allow the use of 20 per cent. 
of steel scrap from ship plates and 30 per cent, foundry scrap from a similar 
mixture, the steel scrap being taken at C 0*2, Si 0*02, Mn 0*5, S 0*05, P 0*05. 
This assists in lowering the silicon without raising the sulphur content ; and 
it is evident that, roughly, we may take this as a normal hematite phosphorus, 
taking the first table of hematites at 0*05 per cent. P. As before, Derby 

700 x 0*55 
required = — — — =308 lbs. We shall try to use the Staveley shown, to 

help up our Mn, and first take stock of lbs. per cent. Si so far, namely, 200 
steel at 0*02 = 4 (what a boon we have here at once for a low silicon mixture !), 
300 scrap at 14 = 420, 308 Staveley at 2*5 = 770 ; total, 1194 out of a total 
required of 1600; so that the hematite must add 1600- 1194 = 406 lbs. per 
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cent. Si; and this from 19: 
406 lbs. per 'int. Si 



His. hematite mease that it must contain 

■11 per cent. Si ; thus we have our 2-] Si, Tl' Mn, 
192 lb* ' 

<H1 I s. iidl P. Wliat a difference this 20 per cent, steel scrap makes to a 
low silicon, low sulphur mixture, fur, sifter bringing it in, we can select among 
rli.' jii-s cmitaimug over 2 per cent. Si for the remainder, and thus find it 
Mater to get low sulphurs. Test as lxjfore. 



Material. 


lbs. 


Percentage Composition. 


«.,—». 


Si. 


Ma. 


s. p. 


Si. 


Mo. 


■• 


P. 


Hill 


808 

192 
200 
300 


2-5 
2 1 
0'O2 
1*4 


072 
0'6 
075 


0-08 1 "30 
05 O-05 
0-05 0-05 
O'OB 0-6 


770-0 

403'2 

4-0 

420-0 


338-8 
138 2 
120 
225 


18'4S 
9-60 
10-0 
24 '00 


400-4 

9-fl 
10-0 
180-0 


1 000 


I 80 


D-SS 


082 0-8O 


1691-2 


822 '0 


62-08 


flOO-0 



This should melt nut as close to the specificati'in :is need lie desired ; which 
specification, from being nu awkward one to fulfil with ordinary pig mn'l 
wist- iron scrap, becomes easy with the use of 20 per cent, of steel scrap ; the 
calculation uao shows the nature, as to composition tit any rate, of tho 
l.i.Miefirial etl'c-t nf steel scrap in cupola charges. 

Operating the Cupola. — Prerious to a heat the cupola is chipped out, 
propel ing knobs of slag, etc., removed, in id all worn places [latched willi lirc-i la\ 
or gauister, preferably the latter. In an iron fnuiidry running ilaily heats, this 
is usually done the first tiling in the morning. The next stage is to fli iln 
bottom doon in position. Cupolas of small sizes have the liottom doors 
supported by means of a bolt, with a ring head, into which a hooked bar Dan 
bo inserted for withdrawing the 1 a, It and dropping the liottom. Cupolas oi 
■ however, must have tin additional support of [imps between the 
i" nun In inn plate and the under side of the door. The necessity for this will 
tw? seen when it is recognised lli.it (lie kittom door* buve t«' curry the foil 
weight of the charge. After hooking and propping the bottom doors, the 
wind bottom is put in. For this purpose the foundry floor sand or black sand 
ia used. It should be pissed through a j-inch riddle, and lie of the same 
dampness as is usual for moulding, that is, the sand should be 
-iiHu-icnth damp t<> i-nli>'i-t> uhcii pressed ti>i;ri her, but not actually wet. The 
i. rushed over with water or clay-water, tin' sand spread on them 
., .1 ■ miiK lammed. The best plan is to ram, in courses of 2 inches deep, 
;iik1 tuck the sand into the inters|iaci-s U'lwcen the fire-brick lining and the 

means of the tinkers. The whole «\ this hottoi st be perfectly 

iolid Without being dead hard. If too hard or wet, the molten iron will blister 

i -.■ .I- i In' sand, thereby lending to leakage. In this rcsjK'Ct precisely similar 

■ . ■ hold us ill the r.^f of a sand mould. The requisite sl.ijn- In I lie 

bottom is giren, and should lie such as completely to drain the metal to the 
t m hole, The surface of the lmttoui is then carefully traversed li\ I In- tinkers 
hg .mill to detect any si if t places, which should be made good. The face 
tin- land boti may then he hrushed over with day water or black wash. 
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the case of ■ oupolfl not Fitted with a drop bottom, the foregoing procedure i-. 
of eourae, omitted, Such a bottom may he put in to last over i numbered 

lii'.-it.s, Imt tin' breast ;mil tap hole have to lie made up each hunt. To effect 
this, a piece of round iron of the diameter required io the tap hole ia bud in 
position aud ■ wiill of coke built level with the inside of the cupola lining. 
The front of this coke is rammed with sand level with the awing ; the breast 
plate placed in position over the sand, and wedged between snugs fixed in the 
Casing, The tap hole and spoilt leading from it are then made up with 
moulding Hind. The spout should have n Full of about 1 inch per root in 
order to drain. On completing the heat the breast plate is removed, the sand 
broken away, and the enpola raked out by means of. b long handled rake. 
Solid bottoms, though largely used in Britain, are not nearly ao eonvenieiii 
as drop bottoms. The latter are in general use in tile United States ol 
America, arid within the last few years have Iteen hugely adopted in 
Britain. Generally, drop bottom cupolas have a fettling door opposite Hie 
spool : then.' fore, after t h<- bottoni is put in, the door must be made ii]>. A 
wall of coke is built in level with the fining, and the fire kindled in the cupoJe 
Air is drawn through the Fettling door until the tire is well started, the door 
is then made up precisely as in the case of a draw front cupola, except that no 
tap hole is required in it. One lap hole is ample for any cupola, but, in certain 
cases, two are provided, one being fixed for crane ladles. The BUS of a tap 
varies with the sin of the cupola. In some instances the tap hole is left opn 
throughout the heat, while in others the hole is plugged and opened again when 
the required quantity of the metal lias accumulated. When stopping a tap hole 
a mixture of clay and sand is pressed in the form of a cone on to an iron bar, 
termed a In*! stick, and this forced into the tap hole. If cluy is used al-ne, it 
is apt to bake haul, and the next tap will lie difficult. A mixture of one-third 
sand and two-thirds clay will not bake haul, and is easily opened "lit again by 
a tapping bar. Slag holes, when fitted to a cupola, are made up in -ii.nl. a 
manner to the tap holes. These holes are placed just helow the tuyeres, and. 
when it is required to draw off the sing, metal is accumulated in the Ddpoll 
until it reaches the bottom of the slag hole, which is then opened by a tupping 
bar oid the slag runs out. 

In charging a eiqioln it is always advisable to weigh all materials eiitcritii: 
the furnace. This practice is now almost universal, and the plan of mixing by 
analysis ts also being adopted by the more progressive firms. The tir-t -tep 
is to determine the height of the enke lied, which can only be done by actual 
trial. In slatting a new furnace it is well to start with a comparatively hiet) 
!«'d, and L'l'adiialh to i|eeiva-e it until the right height is found. With tin' 
lied too high melting is slow, and with the bud too low the iron is dull and 
lifeless. .lust as no rule can I* given for the amount of the bed coke, neither 
can one be given for the subsequent charges of iron and coke. These feature- 

can only he determined in practice i but, pis with the bed so with tie 

it is better Io err on the safe side by commencing with comparatively light 

charges of iron to rather heavier charges of coke, until the conditions most 
suitable to the cupola are found. Special attention is drawn to this asjua't of 
trial, because c\pericuee willi many type- of cupola is couvuieini: that no ... t 

of advuutag. s rules can be given. At the best, the cupola is an euijurieal 

apparatus, and the conditions most suitable to each particular furnace must be 
risrerlaiiied by trial and then rigidly adhered to. Similar remarks hold -,.«! 
for the fuel ratio, -,i>\'\ many published figures are truly misleading. ' 'e pamt t, 
pig-iron may be melted with very little cuke. In practice, 2 cuts, per ton, or 
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a I to 10 ratin. represents excellent work. The ratio will, however, vary 
aeconlhig tn the class of castim:. Thus, wlnli.' I In l'i rcpresenti*. excellent 
practice fur large work, 1 to 8 may be necessary for iifjlit or thin dustings. 
Melting ratios air cijUfpiaed in two ways : in Britain, usually as so many ewts. 
• if coke per ton of iron melted ; and in the linked States, more generally m I 
to Mmtfl muulier, thus 1 to S, meaning that one part liy weight of Bdkfl has 
Iti'i'ii u.si'il iii nulling 8 parts liy Height of metal. There are many difficulties 
Id tii.- May of nettling what is good practice with regard tn cuke consumption, 
.and this cannot be 0008 bj merely stilting Ihe moltiut.' ratin, fur. not only 
must due cassidei-alion be given to the types of eastings made, but also to 
[In: total weight melted lit oath run and its diirntion in time for tins cupola in 
line. In West's moulder's te.it-l«>ok details are recorded of 47 ditl'erent heats 
fnifo 46 firms, and ihe average consumption of coke works out at 2'7, or, 
practically, 2 J owta. per ton, a 1 to 7£ mtio ; although for one run, in which 
70,000 lb*., or a little over 31 tons, were melted, a mtio of 1 to 11 is shown. 
Kirk says that a 1 to 8 ratio with Connelsville coke is good melting. 
It. Buchanan, in a paper on "The Foundry Cupola and How to Manage it," 
riad In inn llip.- Stalls I.S.I, in 1901, gives his ratio, over 1 month, when with 
Messrs. W. .v. T. Avery, as 1 to 10 for heavy castings, 1 to 7'87 for light eastings, 
a il.h an average of 1 to S'49 for the month ; and sets out details of a typical 
run as under: — 

Inside diameter of cupola '-id inches, contracted to 19 inches at bottom; 
two rows of tuyeres 78 square inches total area ; melts over 4 tons per hour, 
.mil 80$ Inns have been melted in one afternoon ; height from imttom plate to 
charging dour In feet, eii]iola full In charging door when ."i0 ewts. of iron in ; 
-ore 8 to 10 ozs., and 24 to 28 lbs. limestone put on top of each 
ebauge of coke. 



5 


UWtS. 


7. Uoke. 


1* 


. 10 




8. Iron, 


. 10 


■ H 




9. Ooka, 


. 1£ 


. 10 

- >£ 




10. Iron, 

11. Coke, 


. 10 
1 


. to 




12. Iron, 


. 10 



fi. Iron, . 

-nil . niilil after the second last charge, when only 06 lbs. of coke is put 

..i appears in about eight minutes after I he hlasl is put mi, Mini ia 1ml 
i-n< nigh to run eastings sometimes under J-ineh In thickness. 

It is well worth while making a few calculations mi this record, for it is 

: 'i. ii stopped at -i toils*, it gives .'J - S;t cuts, per ton, or a 1 to 5-2 

■ i 10 tona, then 255 cwta., ora 1 to7'8 ratio; if sit 15 tons, 2-37 owta., 

or a 1 to8'4 ratio (practically Mr. Buchanan's mean) ; and, hiking the afternoon 

on vhiofa the cupola melted 20 tons, it is 2*28 owto, per ton, or a 1 to 87 ratio. 

ViiiiHiit series of heals before us is worked on ft system of 7 ewts. of tied 

Hike line! charges nf 10 ewts. of iron to 1 cwt. of coke ; but, after every third 

OWt m ooke, n double weight of iron is charged, and generally a 11 weight of 

iron (or the final charge of the run, the metal 1 icing used for light work. Owing 

to the nnonflritim of the melting, na a. rule this system has to lie stopped after 

lowu about 3^ tons, and hence shows a eousum]ilion of .1*38 ewts. per 

ton, a ratio of 1 to 6 ; whilst, when it is possible to ruu on to 1\ tons, the same 
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system shows 2*34 cwts., or a 1 to 8*53 ratio. A careful consideration of 
essentials indicated in these or any similar reliable records, from the point** of 
view given here, will enable anyone to make a just comparison between tb.erai 
and his own practice ; hut melting ratios obtained by experiment should at les»«t 
occasionally be checked by comparison with a half-yearly or other balance sh«3et, 
the only true judge ; and in all contempjated change in practice it must ever 
1x5 kept in mind that not melting ratios, but the providing of metal in its Iciest 
state for pouring into the moulds prepared, is the aim and object of the cupola, 
and that a small saving in coke, which produced an increase in wasters, would 
be but doubtful economy. 



I* 
I* 



i*ti 

IV* 

W ] 
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hex 




FURTHER TREATMENT OF CAST-IRON. 
-IXXE.U.IW META L—BLACKH BAST AND MALLEABLE CAST-IRON. 



v;ui. ti.- nf i.-ii.st-il'ili have already been 1 1 <_■; 1 1 1 wit li, ,'iml there 1 
Further treatment of cast-iron castings as distinct frum castings in general. 
' further treatment is a liont treatment, and it may be necessitated either 
t ii; casting lsmig harder than desired, or it may lie nn essential part of the 
uhii] from thi! start, as in ihi' making of malleable cast-iron. There 
t tins two distinct classes- — (A) < 'ast-irnns pore and simple, made anil sold as 
i : (li) Malleable cast-irons. 

i-nnealed Metal. — The material coming inn Icr section A consists of ordinary 
'•• mottled iron castings, some of which, owing In their configuration, are 
• ■ i" ban serous internal stresses, which are apt at any time to cause the 
-*ire of the casting. Again, these Hastings may lie hard lo machine, and 
i'-iihrly so on the skin, owing to the cliilling nction of the sand on metal 
in certain limits of composition. Judicious heat treatment will not only 
•-■r the hard places soft, but will also diminish or remove the internal 
ties. The treatment is simple, for, hy heating to a gisxl red heat and 
Tig slowly, a new crystalline formation is given to the iron, which relieves 
and the carbides of iron, which were the cause of the hardness, 
taoompOBsd into free carbon and iron. 

■ iriall intricate castings also, such as arc used for textile machinery, 
i Forks, harness fittings, etc. (which are so thin that they are apt to be 
'-''l.i. an subjected to this simple annealing to soften them, and they are 
1 BOlnetinieB called black metal eastings. 

't must, however, la* remembered that annealing grey iron greatly reduces 
'length, often In about half of what it wan before annealing. Tests carried 
bj 1'. I.ongmuir showed that a cast-iron, with its carbon mainly graphitic, 
«( 11*4 Urns tenacity, stood only G 7 tons alter annealing fur four days; a 
'ii strength of 4-7 tons per square inch. W. H. Hatfield, in his memoir, 
■<! Inter, shows three cast irons (.Si 2'G, (Jr.C. 24, C.C. 0*8) which stood an 
*Ve of 8*5 tons per si|Uare inch as etist ; but. when annealed, had Gr.C. 
I, C.C. 0-06, and only stood 4 '5 tons pec square inch, it is also worth Doting 
' Waled grey irons Iihvo a coarse open grain. 

Blackheart and Malleable Cast-iron.— With regard to section B, malleable 
lin„-, there are two distinct varieties, namely, blackheart and ordinary 
leable. Both these varieties are malleable, and possessed of considerable 
rogth when properly made. The fracture of the blackheart consists of a 



bJaeh inside utd ■ butwj outside, and in a good specimen the black "hoU^** 

liiij* .1 silky lustre, The fracture of ordinary malleable is similar to n cB- ■** l(> 
grained mild steel, and has a distinctly steely appearance. The dittcn- ""'' 
Between the lun varieties is due to the different principle involved in t ~«i L '» 
manufacture. In each BBSe, before annealing, the castings consult of l"!^"™ 

white iron, containing 3 to 4 per cent, of carton as bud carbide of iron. '" 

the bl&ckbeart process, the object of the manufacturer is bo decompose ""' 
carbide of iron into free carton (amorphous dp annealing carton) and i ~»" 11 . 
thus obtaining a soft malleable product, which still contain- practical!] '''' 
"hole i if the initial carbon, only as free carbon merely intermixed with the i-^aEtiu, 
instead of as combined carbon, hard carbide nf iron. In the ordinary malic: "H 1 
(Reaumur} process, the idea is to eliminate the carton by packing the !» < ir,i 
white castings in some oxidising substance, thus producing material siuiil;i» ~ I" 
wrought-iron : in fact, where pure iron is used, a well-made malleable c.i-t. I'ij 
is similar in analysis tn « rough t-iron. The Uranium- malleable is the ear 1 *lv 
which, irp to the present, has been principally made in this country. wfcawS* 
bkuklicart is almost the only product of the American malleable found* - <«• 
This scorns mainly due to the local conditions and to the composition uf tif 
irons at the disposal of the iniinttfaetu rers in the respective countries, it '* 
well known that sulphur is not injurious to the typical malleable castiugw of 
this country, the authors having conic across a sample containing (>■:"> . 
which still bent double. It has already been pointed out that white irons 
produced liy the Knglish hematite blast fuiliares arc hLdi in sulphur, but 

they are suitable for the manufacture of Reaumur malleable, In black Lent 
malleable, sulphur has a deadly influence, in some way preventing the pre- 
cipitation nf tin- free or annealing carton. The low silicon irons of Auierits, 
being generally lower in sulphur, it seemed a natural consequence that blink- 
heart should In 1 niamifactured there, as the operation of changing the condituHi 



of the carbon r 



tcb less time than the elimination of the carbo 



The Production of Ordinary (Reaumur) Malleable Cast-iron. —The em 

used is generally a mottled while of the following composition: — Total carl*'", 
3j per cent. ; manganese, O'l to 0-2 ; silicon, 0'5 to 09 ; sulphur, 0-25 to W I 
and phosphorus, 0-05 to 0"08. 

This iron is melted in the crucible, in the cupola, in the air furnace, «i ■ 
rare cases, in the Siemens furnace, but the cupola is the furnace most genersHj 
used in this country, Below is appended an interesting scries of 
showing approximately the influence of remelting by the several precast*- 
The lather large increase in sulphur by the crucible process is due to the '"'' 
that for producing malleable cast-iron the crucible is not a closed vessel. »" 
lid being used, the charge when put iu coming above the top of the crucible 
and thus being in contact with coke. 



Original Pig iron. 


Cn liable. 


0**. 


Reverb. 


Siemens. 


3'5 


3-1 


3-4 


3 2 


3 -a 


Si 0'85 


0'S2 


0*75 




070 


KnO-30 


o-io 


010 






S 0-26 


30 


0-31 






P O'OB 


05 


0-054 


o*o:.2 


0'05 



■ [lie lueta.l fluid rimugli t" 



ill the meat Intricate parts of the moulds to iie poured in any nup batch, 
thudding o|H.ralions Lire similar In those of the grey iruii foundry, provision 
mug made for the narrow range of fluidity ;inr| the high contnietion of white 
mi,, about J inch to the foot, although as the blaekheart eastings during 
mnealing expand I inch per foot, for these the game shrinkage allowance on 
lie [laltem as for ordinary grey iron is given. The castings are allowed to 
■i . iimi then tin.- ii mm r- arc either knocked otf' when the casting lias just set, 
i!.. Kftfl i il has gone ci ill I, according to tin- I in I lire of the casting, romemW'ring 
.[ways tint this type of iron, when just set, is more than ordinarily weak. The 
mount of feeder necessary to make a solid casting is very variable, and may 
angc from 25 per cent, to 125 per cent, of the weight of the casting. One 
truug feature of the skill of the moulder is brought nut in being able to make 
nog with a minimum weight of metal. 
Baring obtained the castings as hard brittle white iron, they are next 
mrrelled or otherwise dressed 

ii remove the sand, and they 
re then ready for annealing. 
7he annealing ovens, of which 
. simple typo is shown in (ig. 
96, are built to contain one 
" eight tons of malleable cast- 

iig,s, and are generally hunted 

vith coal, although many are 
now to be found {fas-fired. A 
common typo of oven consists 
gf a rectangular chamber, with 

it each comer placed 
below the floor level. The 
Samel cuter the chamber at 
the floor level, pass towards _ 
the middle, and are drawn out 
;it the roof by means of a flue 
running down the centre. 
In many cases the pro- 

'lucts of combustion from the Flo. 198.— AnnmlinR Oven. 

■i" ■ are conducted through 

Ci ■-■ ni thics somewhat analogous to the most modern coke ovens, or to 
CKnch-Jooes furnace, shown in fig. 197, the object lieing, in each ease, 
to L'ivi' a uniform heal to the whole of the oven. The dimensions of ovens 
rary with the output; an oven capable of holding a large number of pita 
rouJd measure internally 12 feetxl5 feet x 6 feet in height. The eastings 
are packed in "pots" or pans with iron ore, stacked in the ovens, and raised 
in tin 1 necessary heat. The pans, which may lie round, square, or rectangular, 
U most suited to the forms of the castings, are generally made of cast-iron, and 
over and over again. An average size of pot for small eastings would 
bfl LB inches diameter x 23 inches in depth. The ore used is red hematite, 
broken up finely, but never used all new, as it seems to act too energetically 
m mi oxidiser, and. generally, one part new ore is added to several parta of 
ore that has been used he-fore, the two thoroughly mixed, and the eastings 
carefully packed BO that no two castings are in contact. The oxygen from this 
■ -.-. the earln.'ii in the castings, and thus gradually eliminates that 
■lament, The ore previous to use is red oxide of iron (Fe 2 U,), but after the 
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FURTHER TRKATMK.NT OF CAST-IRON 

iii2 process it is found to In; black, and to correspond to the formula 
I but amongst this arc frequently found particles of metallic iron which 
ieen reduced trom tin.' hit, presumably l ■ v the carbon monoxide produced 

the annealing. With regard to the height sad duration of Dampen- 
ir annealing, as tin: process is broadly intended In remove the carbon, it 
■ evident that thin eastings will lie mure -prickly annealed than thicker 
the time for very light work is generally about Inn in three days heating 

temperature, twelve to twenty-four hours at the temperature, mid two to 

lay, i<>i i| i hi^r. Knr thii'ker work the heating up jiiiiI letting down occupy 
the same time, but the beat is maintained fur a period increasing with 
ir.'ktiess ui the riistings ll]> to about four days. 
tnrally. these times will also vary somewhat with the gUM of Hie OVtO, 

i ;i rule, it will he Found that the larger ovens produce the best work. 
mperuture curve of one of these ovens would lie of the order of tig. 198, 
gh some makers anneal at as low a temperature as 860 ('. 

'Ijii reasonable limits the chemical composition of the castings in this 



1J1 + S67191C 



DAYS 

FlQ. 198. — Torn pen tare < 'urn- ..I An moling Oven. 

t hu little bearing on the result, provided they are white ii i cast 

arbon at the commencement should lie 3 per cent, or upwards, tlio 
may he anything from 03 to 0'9, the sulphur from 005 to.0'8, and 
liospboriiB should be under 0*1. Manganese is the evil geniiia of lhi> 
a, and causes trouble if in excess, say more than 0'5 per cent, 

■ ■ by this process give on the testing machine a maximum 
of IS to '2'2 tons, with an elongation of 2J to (S per cent, on l 1 inches, 
reduction in area of 3 to 8 per cent., with a cold bend on A-inch square 
to 90*, although special samples give higher results ; and one commercial 
]Z, tested and analysed by I'. I.ongmuir, gave 27 tons M.S., 5"7 per cent, 
.tion on 2 inches, and 111 per cent, reduction in area ; it contained 0'65 
ut. Si. (I IT) per cent. Mti, 0"3 per cent. S. and Q'04 per ueut. P. 
ith regard to chemical com position, the carbon only is affected by the 

ling, being considerably reduced in m ut, and what remains is partly 

:id partly combined. A good sample showed combined carbon 0-1 per 
oid free rai'lam Oil percent. 

ackheurt. — The product! f hlackhcavt re- pi ires greater skill in inani- 

mi and more scieutitie knowledge than is required for the production oi 
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Reaumur metal. The iron used is of a somewhat different type. It must be 
low in silicon, but need not necessarily be a white iron, its chemical composi- 
tion Ixung the necessary feature. The analysis should approximate to carbon 
3 per cent., silicon 0*5 to 1 per cent., sulphur 0*05 as a maximum, phosphorus 
O'l as a maximum, and manganese not exceeding 0*5 per cent.. The principle 
involved is the making of a white iron casting of a suitable composition, heat- 
ing it to a high temperature, and thus converting the iron to the malleable 
condition by precipitating the carbon in a tine state of division as annealing 
carbon. The higher the temperature, the shorter the anneal ; but it has been 
found in practice more reliable to use a lower heat and a longer anneal, as 
the change can thus be made more certain. The process is similar to the 
other in its general aspects, excepting that it is usual to pack in scale instead 
of in ore ; and, as an oxidising medium is not necessary in this case, bone dust, 
sand, and even fire-clay are sometimes used. 

The composition of the casting after annealing is only altered in the carbon, 
the total content being somewhat lower and practically all present in the free 
state ; the composition and tests of a sample by one of the largest makers in 
the kingdom being Si 050, Mn 04, S 0*04, P 0'07, Gr.C. 25, C.C., 0*05 per 
cent. ; a test piece of section £-inch square, bent through 180° cold, and the 
tensile test registered M.S. 20 tons per square inch, elongation 6 per cent on 
2 inches, and reduction in area 9 per cent. 

Blackheart is not so reliable for heavy work as for light ; and, to avoid the 
introduction of sulphur, it is usual to melt the pig-iron in the air furnace. 

An important point to remember is that the shrinkage in the finished 
casting is only half that in the Reaumur process, owing to the expansion pro- 
duced by the precipitation of the annealing carbon. 

Those who wish to go further into detail with regard to the change 
underlying these processes are recommended to digest the following papers:-"" 
G. P. Royston on "Malleable Cast-iron" and on "The Relation of Car**** 
to Iron at High Temperatures " {Iron and Steel Inst. Journ., 1897, I., T? 
154-190); G. Charpy and L. Grenet on "The Equilibrium of Iron-Car*** 1 
Systems" (Bull. Soc. d'Enc. V Industrie Nat., Mar. 1902); P. Longmuhr <* 
" The Influence of Varying Casting Temperature on the Properties of S *&* 
and Iron Castings" (Iron and Steel Inst. Journ., 1904, I., pp. 420— ^^j' 
which is summarised with other matter in Chap. XXXVII. ; and W_ "' 
Hatfield on " The Influence of the Condition of the Carbon on the Stroi^£*f 
of Cast-Iron as Cast and Heat-Treated " (Iron and Steel Inst. Jowm. y \fS^» 
II., pp. 157-188). 

Special attention should bo paid to some of Charpy and Grenet's **°?" 
elusions, noting well, before attempting to apply them, the particular co* J( "" 
tions under which the experiments were made. The compositions of the iToan 
used are shown in the following table ; practically the only element wbwo 
was varied in amount was the silicon : — 



No. 


Carbor 


1 


3-60 


2 


3*40 


3 


3-25 


4 


3"20 


5 

i 


3*30 



ilicon. 


Manganese. 
0*03 


Sulphur. 

- ■ 

o-oi 


Phosphorus. 




0*07 


traces 


0"27 


traces 


02 


002 


0-80 


traces 


0-02 


0*03 


1-25 


0-12 


0-01 


0-01 | 


2-10 


0*12 


0-02 


0*01 


1 
i 
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Tin-.' trm§ were poured into cold water, mid (exceptine; the Inst, "hieli had 
0*20 pet cut.' contained tppreciable amount of graphite. Smtpto et 

tin.. >■. i ■!■■ subjected tn various re 1 1 eatings ; and, to ascertain as nearly m 

pi :n-( an Lie tlii' condition at any i itu' tenqs'raturc, tin' sa.mpl«a were quenched 

nt that temperature and then analysed. Home of their conclusions arc us 
follows :— 

1. The temperature at which the separation of graphite lx-^in-i is lower 
the higher the silicon content. Thus, No. I heated to 1100* 0. or any 
tower temperature for long periods gave no gmphitie carlxai, hut at 
1150° C. the si ■] unit ion of ejraphitic carbon was pr.»lnccd. No. 2, healed 
for four hours each at 700*. 800", 900", and 1000° C, showed no free 
carhon ; but it appeared on heating t.) 1100° C. No. 3 showed traces at 
800°, Noh. 4 and 5 at 650' ; and in the ease of No. 5, after heating at 650° 
for si\ hour*, the content of graphitic carhon. had increased from 010 to 
2-8.1 per edit 

2. The separation of graphite, once commenced, continues at temperatures 
inferior to those at which the action biyhis. Thus, a wimple of No. I, heated 
to 1 170° and quenched, contained only 050 (.Jr.C. and 2 ■(><:.('. ■ \v 1 1 i I ■ • am 4 her 
sample of the same cast-iron, heated at the same time to 1 170°, cooled slowly 
to 700°, and then quenched, contained 1*87 Gr.C. and 0"*3 C.C. Again, a 
lini-im 'ill of No. 3, heated to 1170" and quenched, contained 1*42 Gr.C and 
1*69 C.C. ; while another fragment, heated to 1170', cooled slowly to 700°, 
and then quenched, contained 2-66 Gr.C. and 0-38 C.C. 

3. At a constant temperature the separation of the graphite is effected 
luii^ressivelv Fit a rate that is the more gradual the lower the temperature or 

he -.ilii-nii content. 
These authors also shim, with regard to critical points, that their cast-irons 
li'ivi' the usual carhon change [mint ahout 700*, hut that there is another well- 
marked arrest in heating lit ! 1 40*, 1165°, 1137°, 1165", and 1165* C. for Not*. 
1. 2, 3, 4, and 5 respectively, and similarly in cooling at 1120", 1145°, 1130°, 
I !:'.: . .,!■■! I 145" C. 

In W. II, Hatfield's important memoir there are many points of interest, 

'mi -|.' i i.dlv noteworthy are the results on the fi hum, all of composition C.C. 

' in--. Gr.C.2'83, Mn 0*22. Si 1*0, .S 0*04, P 0'04 per cent., which were all 

«pfaite irons ;is oast, hut were variously heat-treated, su as to give the same 

• *.ini]>ositiiiii tu analysts, but to have the free carf-on in all states of division 

from line in No, 1 to coarse in No. 6, Bars 1 inch square y 18 inches long 

*rere tested transversely on knil^t'dges 12 inches apart, and jjavc No. I. 2J 

iQoh. ; Ho. 2, lg inch; No. 3^5.,. inch: No. 4, l r \ inch; No. 5, \S inch . 

\,>, (J, | inch deflection befoiw fractiu-e, the gradually decreasing deflections 

■:;\.ii Mftlg due entirely t* the increasing coarseneas of the free carbon. 

Ann i lii'i- »el of 1 test bars, containing l> - 45. 0-911, IK), and 1 -s,s per cent, of 

iiiiupi hut otherwise similar ill composition to the above, and then heat- 

liv.-it.'d. si i that all should have the same type of free or annealing carlxai. L'ave 

mi Hi-, ill ■ the Mime numbers, namely, 95", 98", 94", and 89* res]>eetively, when 

■nli|.eti il to the ordinary Wilding test. The micros! rucli ire of these ban 

iii.i-i-li'il of ferrite, or silicon ferrite, speckled with snnealhi"; eurl-io, which, 

if kept of suitable structure, a fleets the i im Ileal iil it \ lit lie inure than does the 

llftg It i the case of wrought-inm. lie also shov- - 'li.i! ■■, ■ il,t ■, when present, 

after le-.it trentniL' white irons, greatly increase* thi t«- tty; one sample 
hail it leiwity of 32*6 tons per square inch, with an elongation of 6"0 per 

cent, on 2 inches and a bemlme angle of U(J" when treated so as to leave 0*35 
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per cent, of carbon in the combined form and present as pearlite in tk e 
structure ; while another sample, of the same general composition, Txut 
treated to leave only 0*06 per cent, as combined carbon, had a tenacity of 
21*2 tons per square inch, with an elongation of 11 per cent, on 2 incites 
and a bending angle of 180* unbroken. These results have been obtained 
at Messrs. Crowley «fc Co.'s, under works conditions, by Mr. W. H. Hatfield, 
an old student of the Sheffield University, and they show what can be d< 
by the application of the methods of science to ordinary works practice. 






^1 




HIGH TEMPEBATURE MEASUREMENT. 



of the most noticeable features of recent years is the way in which pyro- 
*"H, or instruments for measuring comparatively high torn pent t urea, have 
their way into the most conservative- works. For every iucjuiry aiiout 
Meters and their application to metallurgical manufacturing purposes 
'■"ed fifteen years ago, there are fifty such to-day, and a like proportion 
a to exist with regard to the numbers of actual applications of pyrometers 
UMiufacturing procosses. The history uf tin' development of apparatus 
measuring temperatures higher than those that can be conveniently 
tered liy the mercurial thermometer is one of absorbing interest, but to 
With it fairly would require too much space, and demand a very considcr- 
<logree of attainment in mathematics and physics. Happily, no more 

a short summary need i« given here, because the subject is very thor- 
ly treated in Ilvjh T'lnjtertitia-t' Mnannrentettt, by Le Chatelier and 
loiiard, translated into English, with additions, by Burgess ; and all 
"Pated in the more theoretical jiomts are advised lo study that work, 
-his chapter only such impositions will lie given of the underlying 
^iples on which the dinerent pyrometers are based, as seem desirable fur 
intelligent application of ilie unions types to industrial work. Also, 
those examples that have come within the authors' own experience, 

tliiii leetu to give promise of lieing of practical use in the foundry, will 

fewnbsd. 

it can hardly be doubted that the oldest pyrometer of all is an optical ■me. 
**ly, the human eye, ami one can have very little notion of the antiipiity 

■s* me 1,11 measure the temperatures of bodies by the colour of the light 
emit: and probably, at the present day, it is the pyrometer that :» most 
'■-ivi'lv used. How early such precautions to attain a greatei (agree ■■: 
*"scy sb doing work in a semi-dark plaee, or at least taking care that bos 

• ■le liglit from the article is not ask.il to compete with direct sunlight, 

't>t even be surmised. Tl inns uf this instrument, apart from any 

'"•hi itruetural rlefeets. com aitily from lack of the training uf evperiiiue 

temporary aberration in the brain to which it is attached, or h the 

»tion of the surrounding or competing light, so that on a dull or foggy 
I In' light at one temperature seems much brighter than it would appeal 
k clear and sunny day and of a different colour ; and an important !»* 

* also lies in the fact that no [»t ni'iit numerical rerun 1 uf temperatures 

■ iv i- observations, A fairly good judgment of temperatures 
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by colour to the eve is attained, especially when one is constantly experiment- 
ing with pyrometers. The following shows the colours as observed in a dull 
light, find as given by different authorities : they may lie taken as a rough 
guide, until opportunity arises for comparing the colours observed with the 
readings of a pyrometer. We have often tested several different people on 
the Mime furnace, and it is rather surprising to find how much they differ in 
naming the colour — much more so than in estimating the temperature in *C. :— 



TVmpei 


•ature. 
n 

vs. , . 


Pouillet. 


1500 to 1600° 


Dazzling white 


1400, 


• a • 


Welding white 


1300, 


• • • 


White 


1200, 


... 


Clear orange 


1100, 


... 


Orange 


1000, 


• * 


Bright cherry red 


900, 


• • • 


Cherry red 


800, 


• . • • 


First rherry red 


700, 


. • 


Dark red 






First red (525°) 



Otto Thallner. 



Bright white 



Dull white 
Bright yellow 
Yellow 
Yellow red 
Bright red 
Cherry red (750°) 
Brown red (550°) 



Authors (with a 
Le Chatelier 
Pyrometer). 



Moonlight white 



Clear yellow 
Orange yellow 
Orange 

Bright cherry red 
Dark red 



Altout 1782 Josiah Wedgwood, the famous potter, evidently felt th^ 
need of some apparatus that would yield a measure of the temperature hi^ 
kilns had reached, and lie conceived the idea of making standard pieces of clajj^ 
mixture in a mould, drying them, and burning them at the temperature o>^ 
the kiln. Then, as the higher the temperature reached, the greater was th£^ 
contraction of the standard piece, by fitting the burnt piece into a slopiii^^ 
scale, he had a measure of the temperature which could be recorded. The^ 
temptation to mention this simple historical instrument cannot be resisted**" 
although the authors have never used it. 

The Murrie pyrometer had a vessel of mercury which, as the temperature — 
of the furnace in which it was placed was higher, gave a higher reading on an 
ordinary pressure gauge. The Bailey gave direct readings on a scale by 
means of the relative expansions of metal rods. 

The Siemens water pyrometer, familiarly known as the copper ball 
pyrometer, is shown in cross-section in the accompanying sketches (fig. 199), 
and relies for its indications on the method of mixtures which seems to have 
been used first by T. Wilson and the present form designed by Mr. Cowper. 
It consists of a cylindrical copper vessel, provided with a handle, and containing 
a second smaller copper vessel. An air space (a) separates the two vessels, 
and a layer of felt surrounds the inner one, in order to retard the exchange of 
temperature with the surroundings. The capicity of the inner vessel is a 
little more than a pint. A mercury thermometer (b) is fixed close to the 
wall of the inner vessel, its lower pail being protected by a perforated brass 
tube, whilst the upper projects above the vessel and is divided as usual on the 
stem into degrees, Fahrenheit or Centigrade, as desired. At the side of the 
thermometer there is a small brass scale (c), which slides up and down, on 
which the high temperatures are marked in the same degrees as those in 
which the mercury thermometer is divided ; on a level with the zero division 
of the brass scale a small pointer is fixed, which traverses the scale of the 




HIGH TEMPERATURE MEASUREMENT 

ieter. Short cylinders (-/) <>f ih[i|iit, iron, nickel, or platinum, which 
ij listed that their heal eapaeitv ill ordinary tinqieruture is equal to 

tl] "f ttlilt "f tin' ii'|>[)i'|- Vessel tilled with 

of water, are supplied with the pyrometer. 
■rater pyrometer is used .is follows: — 
tly 1 pint (O-BBfl litre) of clean water, 
ly distilled or run water, is poured into 
<er vessel, and the pyrometer is left for 
ninutes, to allow the thermometer to 
le temperature of the water. The bran 

is then set witii its pointer opposite the 

Lure of the water, ;is shown l>y the thcr- 

Meau while, one of the metal cylinders 

exposed to the high temperature which 

measured, and, after allowing sufficient 

■ it to acquire that temperature, it is 
withdrawn and dropped into the pyro- 
'ssi-1 without splashing any water over, 
ijicrature of the water then rises, and 
.■ mercury of the thermometer has liecomo 
■y. 111'.- degrees are road off, as well as 

the brass scale opposite the top of the 
The sura of these last two gives the 
in re required. 

i the copper ball, temperatures up to 1000° 
\w measured, and this simple instrument 

own in some works for special purposes. | 

lel.enninati if the correct temperature 

juenooing of armour plates, it is still in 
itli sonic of the largest producers. 

Thermo -Electric Pyrometers. 

■tin. 1 disci i very of thermoelectricity many 
thermocouples were tried, but the germ 
l advance was given life when, in 1873, 

■ Tnit of Edinburgh made the suggestion 
i current from a thermo-couple, lining 
f ttigb melting points (such as platinum 
liny of platinum and iridium), might be 

the measurement of high tempera- 
Tin- i<|i:i awaited the introduction of the 
1 1 deadbeat galvanometer, and, after 
rials, Mr. H. LeChatelierof Paris brought 
er to iv successful issue for scientific and 
I purposes, and the peculiar adaptability 
uost successful instrument gave the in- 
m of tin- properties^ of metals and alloys 

So important in itself 1 because it is the parent of many of the 

in p\ lonietevs of today (the Huberts- Austen, the liaird nnd Tatlock, 

. I';< 1 1 1, etc), »'' shall sider in some detail the principles underlying 

Factum and use. ;uid then, merely alluding to the special points of 

18 




uid very powerful 
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difference in the other three mentioned, endeavour to indicate how they bbj 

in 1 made useful in foundry practice. 

First, tin- fuels iitmnt :i tlii-r -•■<>nple must 1»* noted, and these kn thtl 

if two dissimilar tab an joined so m !<■ make s complete riivnii. ■' 

I* two junctions ; and if one junction is made hotter wan the other, 

of electricity, due to the electromotive force produced in- tlie diltl'reucc in tern 

perature, will pass round the circuit. This current is called a thenno-electnt 

current, iiinl llie two dissimilar metal wires thus used ure called ■ thai 

couple, short Fur thermo-electric couple. For every difference in temperttim 1 
between tin' two junction- there is a convsj Hindi ug difference in rl, ■ ■■ 
force (E.M.F.), and as the current in a circuit- the E.M.F-Mhe i. 
the oirouit, or C = — then, H the same couple and circuit be used, for «•** 



difference in temperature there is a cnrrcrqioiidiiig strength of cuit. n 
round the circuit. It is evident that if we measure cither the K.M.F, e.r tin' 
strength of the current, under known conditions which can be repeated, ** 
lii'M a measure of the temperature required. The current is convenient!) 
m ensured on a D'Arsouval doaddieat galvanometer, which "ill give » stcwh. 
reading from leto in about live seconds. 

Suitable dissimilar met ids for pyroinetry art' platinum ami platinum alio)™ 

with 10 percent, of rhodium ; or platinum alloyed with 10 per cent, of icnii 

If it were necessary to have the galvanometer in the l't, I'l-Rd, or in tin' 
I't, I'll) ■ circuit, the cost would he prohibitive for general puqmses ; hat it is 
found that if the soda ol the wires forming the cold junction, instead of being 
joined together, lie each soldered to a copper wire, these two junctions ^i 1 ' 

at the hb temperature, and the circuit completed, then the two ninetM** 

become the cola junction, and sufficient copper wire may be used to ''Tin 
leading lines from any required number of furnaces to one galvanoOMWi 
which, by the nid of a switch placed near the scale, may he used for any "' 

these furnaces in turn, provided that wherever dissimilar metals t h, 

terminals, etc., the two junctions be kept at the same temperature. I' '" 
therefore advisable to have such junctions near together and enclose 
wooden l>ox. To form the hot junction the wires need no! I"- oitl 
nr soldered together, hut only closely twisted round each ■>llj>-r i-. -n 

nut one round the other as at C ; when they are twisted in this 

are apt to come apart on heating. This point must be carefully * ■ ■ 
the platinum-rhodium wire lieing stronger than the pure platinum wire, il" K 
in i tendency for the latter to twist round the former, and this teii'ltu'. 1 
should he counteracted hy handicapping l lie platinum-rhodium wire by l-'inli"- 
it (jack before each twist is made. Two or, at most, three twists will ■ 
be enough. When properly done, this will be quite efficient for laboraUQ 
experiments ; but, whore a couple is to be left in a furnace for an inuclintt'' 
period, it will bo safer just to fuse the ends of tin « in - |n-i -t !■■ t Iij plaoql 
them for llh instant ijl mi nxyhydrogen flame (sec n, fig. 200). 

The wires should he protected from contact with metals which would djfl 
with the plat in i il 1 1. and from such sulistauces as hot magnetic oxide, or I 

gases, which render them brittle. 

The pyrometer may be installed to read the temperatures of two or indite 
almost any number of furnaces in succession on the same scale with only oik 
galvanometer. A wire joins the + or platinum-rhodium liTinin.il ol ''■■■■ 
galvanometer to the centre of n switchboard placed undei the scale, Tin 
v:ilp|i' i tact arm is in electrical contact h ith I he centre, and several ' ■>■■ — 
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.' Furnace ; and m 






pieces m insulated fr-ni] the arm and from one another, but joined to the wires 

from their respective furnaces. A e nun wire is carried from the— or I't 

terminal of the valval nm.etcr, and is connected to tic:- terminals throughout 
the system. The direction of the current is from I't to Pt-Rd, through the 
liot junctions. It will be seen, bj making a diagram and following the wires 
round the only possible circuit, that il the arm be tamed to No, i brass, the 
reading will be that of No. I fnmaee . if to No. .. that of No. 
on. hi ordinary furnace work 1 1 1> - ooW junction is 
Contained in a hinged wooden casing, preferably with 
■ ' t h.-i-iFiHirnh.-f.-i 1 bulb inside and tin.- scale outside to 
read the temperature of the cold junction, as in the 
Baud and Tat lock form. 

For experimental work the cold junction is lietter 
to be kept in cold water, which can lie maintained at 
,1 Eailiy constant and easily determined temperature. 
Fit very s|H-cial research I lie iiilil junction is often kept 
at one nf die fixed pcinte, ;i> "ln-ii immersed in melting 

11. e in even boiling water, a.- usi-l by hi-. Stansfield. 
Calibration of the Pyrometer. — It must lie care- 
imIIv noted that as it is the K.M.F. produced tbat, for a given thermo-couple, 
eorieauooda with any given difference of teiniH>ruture between the junctions, 
the current will only give a true measure of temperature when the resistance 
<tf the circuit is kepi constant or wit bin the limit h of accuracy required. The 
next point is, that baviug obtained a measure , ,i' (lie temperature it will be 

riesi ruble t. . eon vert that i legrci-s Ceiiti^rnde or Fahrenheit, as the most 

• i.nvenieiit way of expressing temperatures. This is done by calibraliug the 
instrument, using, a* standards, known fixed point*, generally the melting 
l»iiiils or boiling points of pure substances which have been determined with 
-..-i-i-.ii i if- by comparison u ith the great standard of temperatures, the air or 
the iiitro-jen thermometer. Sin.-h are the melting points of tin (2S8" <'.). lead 
..:j7 C.t. silver (it62 C),and copper M0X4HM. or potassium sidphatc (1060'C.), 

I and the boiling points of water (100" C), sulphur {445" C), and selenium 
(080* C). The hot junction is placed *.. that it may attain to each of these 
in turn. The current due to these temperatures, minus the temperature bJ 
(In- oold junction, is passed through t!ie galvanometer, and the reading on the 
■■.-., h- (i. i" millimetres with the Le Chatelier) is taken. There is no necessity to 
consider lite strength of current I hat the reading represents, for by taking 
these observations through the required range of temperature, plotting tera- 
uordinatea, millimetres or other readings of the galvanometer as 
■ . and drawing a fair curve through Hie points obtained, a calibration 
Otirve is made from which ;m unknown diU'erenee of tcuijierntitrc lietwccn tin- 

I Imt and [lie en|d junctions is obtained. 
The «-m of the instrument is noted by bringing the two junctions I" the 
tame temperature : generally, for furnace work, by leaving; the encased couple 
in the sarin sncha position tbat the two junctions will reach as nearly as 
tlic same temperature mid taking the reading; on the scale when 
.-iiii..t.int. If this is not easy, the Kern uiaj lie obtained by breaking the 
■n-.-iiii, but, whenever possible, should In- cheeked bj the other method In ease 
1. 1' any small em-rent being in the circuit. In all experiments it is necessary 

lo arnojee that the "ires shall in it I -li unless a I the hot junction, and I hey 

iniisi l lii ■!■■)'( u-e dways be suitably insulated, as by running one or ImiiIi through 
qilill glass, or porcelain lubine, ni- thin pipe stems, or two-hole pipe-claj or 
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jKiii.-'-l:iin I ill imn manufactured for tlic purpose. The reading for boUing 
water can in' taken with an ordinary wash bottle, the jet tube being replaeed 

by n closed glass tube mid tin. 1 "liter allowed to boil till the reading is constant, 

ita in all tin' other lM>iling-[Miint determinations. To ensure a correct rending 
for boiling points, the couple should not he in the Ikpiid Imt in the vapour 
immediately above the liquid. For lead aud tin small fireclay crucibles 
holding a tew ounces are used ; and after melting the metal over a Buusen 
burner, and inserting the couple (protected by a closed hard glass tube, 
clo.nl .1- [Inn -1. [inssil ile) into the molten metal, the flame is removed mul 
the spot of light on the scale is watched. It generally rises a liltle, owing 
to the excess heat in the bottom of the crucible, (hen turns and begins to fall 
steadily, becomes stationary when the metal begins to solidify, remains so till 
the metal is solid, and then Iwgins to move steadily down again. Tiie exact 
point is thus easily determined. Similarly, the point for pure copper is obtained, 
only the copper is melted in a coke crucible furnace in it plumbago crucible, with 
a good covering of charcoal or boras on the top, and the protecting tube must 
be porcelain or a similar refractory material as thin as possible. If the copper lie 
melted in an oxidising atmosphere, it may solidify at as low a temperature as 
1065" C. instead of at 10.14" ('., when proper precautions are taken to keep the 
conditions reducing. We have recently been using pure silver under similar 
conditions with very satisfactory results when the uniting is done under 
glass and the wires are protected with thin hard glass tubing. One nz. 
of this silver, which can be obtained for 3s. or 4s.. is sullieient, aud ]ast> 
indefinitely. The sulphur point is most conveniently taken in a il in. b x ; im h 
test tube, with an asbestos jacket which may lie made by wetting thin asliestos 
millboard, rolling it on the tube, and tying it on till thoroughly dry. This 
jacket, which will last out many test tubes, should come to within about 
1 inch of the bottom of the tube, and is necessary in older to obtain the true 
reading from the sulphur vapour, by preventing the cooling e Heels or" current- 
of air on the one hand and the superheating effect of the liauie on tin.' Other. 
A lluusen burner answers admirably as a source of heat. Similarly, tie 
l>oiling point of selenium may be taken as a calibration point, using a Innl 
gtaSB Of "oxygen" test tube us the containing vessel and an ordinary <:as ami 

air blowpipe a- llie soure ' heat. In the hist two imscs (for a stopper) the 

prtil.efl.ing tube and two open tubes are packed in the mouth of I In venal 

with asbestos, which is soon tiound into a solid mass by the condensation of 
vapour among the fibres. 

For rough practical purposes a near approximation is obtained for the 
temperatures included by taking the reading for sulphur and foi 

joining these by a straight line, uhich may be produced even up to 1 l'UU' !_' 

without being more than lo* or '_'<l' from the true line at any i point. 

The alwivc details, if carefully studied, will make clear the principle-, en 

which thermo-couple pyrometers arc based, ami enable them to 1... n 

efficiently handled. Thus, the Roberta-Austen is practically a Lb ChateBeij 
with a s]»it of light recording the temperature on a sheet of bromide papal 
stretched on a revolving drum driven by clockwork, while part of the tight 
is also reflected on to a scale so that it can be read at any instant, li 
I- made by Mr. J, Pitkin, 36 Bed Lion Street, ( liikenwoll, London, E.C. 

Pattern I, at about £33, giving -.• record ft- anj one of si\ Furnaoea bj 

means of a switch, Pattern 2, aliout i'.l"'. giving two continnoiu :'i"! 
simultaneous records. Pattern •">, aland £38, taking three AorrHmiwui 
simultaneous records. 



9 and 



Tlit- Itaird jhicI Tatlock porkilim pyrometer is iilso on a similiir principle, 
ihiIv tin.' L'iilvjiiiiiiiiL'U'i' readings are [_>ivcn liy ;i. [mintcr, and the scale is marked oil 
in degrees. It is obvious that the cold junction temperature must be added 

to tin' BQndili.Li nil til'.' sodc l'i>r ace mimic work. There is otic staliiinai\ I'ul'in, 
for which a fairly level surface must In- found ; anil annthcr set im ^imlinls like a 
iiiarinrl's cmiipass. This linn alsu supply a direcl read in-, full i l. "il.li 

photographic recorder attachment, which they call -.< pyroi_.apli (sec i'il_. -<H). 
In this instrmnent a band of photographic paper is drawn at a snii.ill, i-.-i.i_- ■ 
under a very line slit in the dial, the record riiniiiiij: for 24 hours. The Face 

being illuminated by nil N-volt electric I p, the needle of the pvriimclcr nmviiif. 

over the dial casta a shadow ihnm-li the --lit mi In llie phiitiiL_.apliie |..-i|«t, 
and when this is developed llie record is seen us :i while line. The same 
fliu-k'.vni k which drawn the paper also switches off the lamp for one minute 
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-very hour, and this marks white hour lines across the n.'cord. The scale can 
it seen while the diagram is briujj made, the record* can he inserted and 
A-ithilniwu in dnyli.L'lit, and rhe tenijicralurc lines are ruled off liy means of a 
gauge supplied. The portable form coals about £12, mounted uu gimbals 

al t til, iiin! the pyni'_,rapli form about £24. 



H. W. Paul has elected to use the platinum and platinum with 10 per 

ami lias attached these In his well klinwn single pivot 

i with scale marked in degrees and in millivolts. This 
..nniil and portable instrument, mid the men in-!. 

mmete-r fixes the bearing ready tor Barrying al i. 

: it down pushes in a little pin which frees it again 

It is also wound with special niiv of Inw temper* 

that the variation in the readings due to change oi 

Ivanumeler as its temperature varies, is reduced to 



portable ..■ t i 

nf lifting the galva 
while the placing i 
for taking readings, 
lure coefficient, 80 

resistance in the gi 
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The K. W. Paul single pivot moving coil galvanometer, 230 ohms re- 
sistance, with wall plate for wall, shelf, or tables, costs alxnit £7 ; it is graduated 
to read in degrees and also in millivolts if required. Thermo-couples, etc., cost 
about £3. It is one of the cheapest and remarkably portable and efficient. 



Electric Resistance Pyrometers. 

In these the increase in the resistance of a platinum wire with increase 
of temperature is the feature used for measuring temperatures, a principle 
first proposed by Sir Win. Siemens in 1871. The Callendar and Griffiths 
is a well-known pyrometer of this type in which a fine platinum wire is 
wound on a mica frame, in section that of a cross with equal arms, which 
gives perfect insulation without causing any alteration in resistance of the 
wire, the principal defect in the Siemens form with the platinum wire 
wound on porcelain. The platinum wire is connected by means of stout 
copper or platinum leads to terminals in the head of the pyrometer. Two 
similar leads, but unconnected with the coil, pass through the whole 
length of the pyrometer and act as compensating leads. By this means 
no error is introduced by the variation of the temperature of the wires 
connecting the thermometer with the indicator or the recorder. For 
recording temperatures by means of an electric resistance pyrometer a 
Callendar recorder is employed. This instrument consists of a Wheatstone 
bridge or potentiometer, in which the movements of the slider along the 
bridge wire is automatically effected by relays worked by the current passing 
through the galvanometer between the bridge arms. According as the moving 
coil of this galvanometer is deflected in one direction or the other, a relay 
circuit is connected through one or the other of two electro magnets. Eactv 
of these magnets is mounted on a clock, the movement of which is prevented 
by a brake. When a current pisses through a magnet this brake is lifte?*-^* 
allowing the clockwork to revolve. These clocks arc connected by differentm =*^ 
gearing with a recording pen, which is pulled in one direction or the oth- ^ 
when the brake is lifted from the corresponding clock. The bridge slid- -"* 
moves with the pen, and tends to restore the balance. Cambridge Seienti 
Instrument Co.'s pyrometer costs about £8 to ,£10 ; the Whipple indicator 
taking readings, <£20 : or the Callendar recorder for continuous readings 
one week, .£43 ; the record is made in ink, and can l>e read at any time. 

The Seger Cones arc made of mixtures of silicates which melt at certa^-^ ]• 
fixed points. The temperatures at which the several cones will melt be$C Ji 
with cone No. 022, melting at 590° C, to No. 010, melting at 950° C, wi < A 
intervals of 30° C. ; and from No. 09, melting at 970° C, to No. 36, melting *** 
1850° C, with increments of 20° C. 

In fig. 202, cones 9, 8, 7 and 6 are shown protected from the action ^ 
live flame by a little fire-brick erection, and as they would appear after beufK 
withdrawn from a furnace of approximately temperature 7 or 1270° C, No. 6 
having practically melted, while 7 comes nearest to the condition under which 
they have been made to indicate the temperatures in the table, namely, that 
the cone has l>ent over until the apex has nearly touched the base, Nos. 8 and 
9 are as shaq> on the edges as when put in, so the furnace reached over 1250* 
C, did not reach 1290° C, and was somewhere very near 1270° C. The 
applications of these, with their advantages and disadvantages, are obvious. 
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The Wiborgh Tbermop hones consist of small calcined Oynnders, enolos- 
iiiU hoi no explosive material. When placed in a nimuec or space, Um 
ti 1 1 . | >i i itniv o( which i* required, after an interval corressonaMag with (he 

loiii]K'riiture of tin. 1 blasl. It.n int'tid. ni' imt npui-i'. as, 1 hn ■ 0MB may Ik', the 

cylinder explodes with it sharp eraek. Tley must Im' dejKwitid in tin- [ihuv 
n-lii.'iT ilir ti'iii[K.']viinro is in lie measured, and at the exact moment ■ atop 
iviiti'l. started. 'I'lic watch is stopped at the in' Km nt the thermophonetaplodea, 
ili. reading taken to the 
t,ul, ,,i ., second, and th 
co rre s ponding temperatui 
[a found by reference 
., table supplied with eat 
box of cylinders. With 
proper Otm and i 
praotaee ii is really 
in- ho* uearly the 
agree with the readings i 
i n-'[ l.i' i Statelier 

Pyro 
meters hare jiwt been pnl 
mi Ilir market, and, from 

prelimi -y teste made, they bid [air in take a prominent place ai jst 

They consist >>f cylinders nlmut jj-iuoh longx£-inch diameter, 
and am made of mixtures of oxy-aaita, protected Imm the moisture in the 

Hjr i.y a ili ating ni paraffin wax. These suits are so oompo led 

ii,, the qyiiudera melt sharply at certain intervale in a wide range of 
temperature; their maw will easily be (fathered from what has already 
boon paid. 




— SegcrCcinH, and Method of Protactbnj) 
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Optical Pyrometers. 




For tliL daily determination of very high temperatures witil the method* 
given, and particularly in those eases where the manipulation al molten 
metal is included, difficulties increase until tin- methods la-come impractic- 
able. Consider two typical coses. It would be of great interest, and no 
doubt ultimately of gnat value in open hearth steel making, to !*■ able to 
pre, with some fair degree of reliability, the temperatures of the furnace, 
the Blag, and the metal ut different stages of the heat, mid Hie temperature 
of the metal as tupped from the furnace or aa run into the moulds; bnt 
thermo-couples need efficient protection, such as it is almost impossible ii 
present to find for them fur application to thisei.se industrial] v, and re-isl.ioee 
pyrometers hreak down before this temperature is reached. Again, there an' 

eases where, owing to the necessities of output, etc., the reader of temperatures 
must not disturb the rhythm of the work, even for short periods, and his 
instrument must not stop, say, the [muring of eastings. For bheae and similar 
reasons, advantage has hfs.ni taken of the radiation from the hot laxly whose 
temperature "is to he measured. These radiations will eome through space m 
the instrument without the aid of wires, and the observer may take his readme 
without disturbing the ordinary routine of the foundry. The eye lias nlrcndv 
been given as an example of an optical pyr eter which is lined for detenu jj 

temperatures l>y judging of the colour and brightness of the light given off bj 
the body. Even here, when very high temperatures are reached, aj-titicial 
help is called in, as, in open hearth practice, the judging of the heat of the 
Furnace through blue glasses of a standard tint, the colour of the bubbles as 
they break, or the thickness (viscosity) of a slag judged to be of a glVOT I ■ 

position, or, again, the appearance of sonic part of the furnace as seen through 
tin- rrlnnnni 

The Mesure & Nouel Pyrometer, -One of the simplest optical pyro- 
metera is thai of Ueeure & None), the principle of which will be sketched** 

as simply as possible, as, although optical pyrometers have been - ]■>■ 




Flu. 203.— Mesun? k 

improved recently, this otic is still lunch user], and | 

introduction to the others. The pyrometer is in the form of a telescope J 

and consists, essentially (ti.L-. 203), of a polarisor, I', and an analyser. K,0 • 

which the position of extinction is the zero of the graduation on tht 

circle, C.C. This circle is divided into degrees, and is movable in front at 

the fixed index, I. Between the two Nicols, I' ami A, is a quarti plate. *,. 

of convenient thickness and rotation, carefully i-alibialod. The lent I 

the opening <i. which is furnished with plate glass, or, if required, with 

ground glass of very tine grain, and, in certain cases, with a special ad.litioa'l 

lens system in order to gather in a greater alooiiul of light when I 
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ba m pw ataaw below 900* U. Tin.' light emitted by incandesoeiH bodies, ii not 

l tOffKteous. [tBapeotmi itains. Era the temperature Borrenpondiug to 

dark red, only tin- least- refrangible, rays. In proportion hh the temperature 

tine, the series of more and more refrangible rays appear and augment in 
intensity until all tin.- enlours of tin.- sjieetnnu of while !ii_'ht are represented. 
Applied to eomposile light the preerrling system eannot, in any position of tin: 

analyser, determine the extinction of the. emergent peneil ; hut the rotation 

Of t&e analyser OHUSee a SOrieB of tints of varyine; eolnnrs anil hitensities to 
■appear. hi the ea.se of white light one of the tints is specially noticeable. It, 
is called the '"Sensitive Tint," Irt'eause it changes more quickly than any of 
tin- others. It is greyish-violet, mid turns to hlne or to red for a wry tonal] 
rotation of the analyser in one or the other direction. The light from 




lxKlie> also e;i\vx a sensitive tint, anil the single of rotation which 
i-ui-i'. ii in appesir vai'ies with the composition of the light and therefore with 
t Le temperature of He- bodies. It is so i h lose us the temperature is lower, 

->n<l belies tie: measure of the angle -'■IV.-- 1,, iletine the tempeintlire. 

Kor extremely high temperatures the sensitive tint approaches Unit of 
Hunlight, is of a greyish-purple, ami turns from red to blue. For lower 
temperatures, the hi 111 ' ray" being feebler or wanting in the spectrum, 

1 he sensitive tint [Kisses from red to greeu, and is of a greyish ■ yellow 
i-ol.mf. for still lower temperatures only the passage of the red to the 
•pWliillH Jllllnm IB obtained, mid, finally, merely the simple evtinetioii of the 

nil rays. Tile reading on the rirele when this sensil ive or transition tint is 
Unserved defines the tcni[«Talurc of tie' incandescent ("Hie. .iiiil, ;ilthui|^.|i (liere 

i- on standard For c parison, con.siderablo Bail! in obtaining concordant 
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results is acquired by practice. Particularly for repeating a certain tempera- 
ture day after day it is used with success, and its easy portability is greatly in 
its favour for positions not easily accessible. For metals giving oft* coloured 
vapours while fused, a tube of iron closed at one end may be forced into the 
bath or into the hearth to be observed and the reading obtained by looking 
into the open end of the tube with the pyrometer. This is made by Ducretet, 
Paris, and costs about 1 30 francs ; the lens system for temperatures below 
900° C. is 45 francs extra ; and the very useful stand shown (fig. 204) is 
another 32 francs. 

The Wanner Optical Pyrometer serves for measuring temperatures from 
900° C. upwards. Tt is very convenient for the measurement of the tempera- 
tures of molten iron or steel, of other very high temperatures, and of the 
temperatures of places that are inaccessible or where machinery or workmen 
would be interrupted by the use of instruments, part of which must touch the 
sample or be in the actual space, the temperature of which is to be measured. 
The light from the hot body or place enters the apparatus through a slit, and, 
after traversing a direct vision prism, forms a spectrum from which, by means 
of a screen, light of definite wave length is cut off and the intensity of the light 
measured by polarisation. The part of the apparatus facing the radiation to 
be measured is fitted with a small 6-volt electric incandescent lamp, the light 
from which also passes through the apparatus and is used as a standard for 
comparison with the intensity to be measured, the lamp being worked by an 
accumulator which must be kept at a fairly constant voltage. On looking 
through the apparatus, the circular field of view is seen to be divided into 
two semi-circles, one of which is illuminated by the little electric light ami 
the other by the body under observation, the colour being red, as the light 
selected is that corresponding to the Frauenhofer line C. By adjusting a 
rotating eyepiece containing a Nicol prism, the halves of the field of view 
can easily be brought to equal intensity, as, when they are even slightly 
different, there is a distinct line across the diameter, which just disappears 
when they are equalised. The angle of rotation is measured on a circular 
scale, and, by reading the angle, the temperature corresponding to it » 
found in the table sent out with each instrument. The method simply 
consists in comparing the rays of a known temperature emitted by the 
electric lamp with the rays of an unknown temperature, and the operation 
is a very simple one. The whole apparatus is about 12 inches long, ana 
is made in the form of a telescope. Consequently, it can be manipulated 
with ease, and the distance from the object to be measured is of little 
importance, so long as the field of vision is fairly filled with the light to be 
measured ; and, with practice, when this is not feasible, as in taking the tem- 
perature of a thin stream of metal, fairly concordant results can Ik? attained. 
It is essential that the filament of the little electric lamp should always have 
the same temperature, and as this may vary as the accumulator runs down, or 
as the lamp deteriorates with use, the electric light is periodically compared with 
a standard light, namely, the flame of a standard amyl acetate lamp, burning 
steadily, protected from draught, and with its flame of definite height a* 
measured by the metal gauge supplied with the instrument (see fig. 205). 

The underlying principle is, that if the light from a hot body is passed 
through a prism, and light of certain wave length selected from its spectrum 
(in this case the red) as the temperature of the hot body increases, the in- 
tensity of any portion, and, therefore, of this red portion of the spectrum 
increases, aud herein is obtained a measure of the temperature of the hot body. 



mh -trj.-ilv Mm-. ln.\u'vi'v, fur llir llivinvl iuiiilv Mnck ImkIv (like hinip- 

1. 1 ■!(■!. i v. liull ;ilr-.i|l.~ :lll l:i\S thill Fall 11)1 it, ill" I ln'l "'' ' <:i 1 1 11(1 ll.l k: li^llt of (Illy 

ii- or warn length. Lampblack is afmosl perfect ; iioo ux! black ulagg 
tearly so, white bright platinum in tax removed ; copper also, owhu to its 

it(1 coluiiv, n|i[RNiniij; hotter in (l miiltti: side by side with iron UM brick. 




At s, then urn two vortical slits, n :.[■■! /,, certieallj ai-.c ■ tii... 

the tower, a, ill innied In the little electric lamp through a right an^i. ,i m- 

(■iiiillv i'iII'.i'Uhl' prism, Lii'uiiinl nil tin.' face next the lamp to diffuse the bghl 
from the lamp filament. The upper slit, !>, is illuminated by the light from 
the furnace walla or other hot hudv. <>, is n lens which, plaee.l .it its f.n.il 
length from Sj, transmits tin' two sets of rays as parallel beams. K is a direct 
vision prism which forms the continuous spectra of the beams. Through the 
poUrieer W, each pencil from '< and '> is resolved into two polarised pacta, 
called tin- ordinary and extraordinary rays, vibrating in ■ t i ii-.i i> .1 1~ :l i n-iii 
angles to i-iki-li 1 it her, ainl having tlilii'i'i-iit directions. There are now I'm if -nr. • 
ol -|n'-ti:i. foul the lensO, would foous these four spectra over the surface erf s.. 
but the pencils have to pass through the double prism '/., which deviates them 
tn wards tlic n.vis, meanwhile making eight s]nctra. V. is si> prtiportianttl thai 
only one from 'i (ordinary rays) and one from h (extraordinary rays) ure 
fooiis.scd in «>ii': plane exactly in front of the slit Sj, the diaphragm of whid 
cuts off all the others, ami all but the red rays of these two, ao thai tbsrsb 
now in t lie field of view of the analyser N, two half Holds, which are polarised w 
directions al right angles to one another, the lower illuminated Erorrj t alone and 

the Upper from a alone. If the slits l> pially illuminated, anil the plain' 

ni the analyser midway between ur at 45° to the plane of the polarisatiOD ol 

eaeb beam, the (wo semi-circles will lie ciplully illuminated and appear w. • ■i 1 '" 

Homplete circular held : if they do not, (hen, by turning the analyser, one a*i* 
become brighter and the other darker, s<. that they may he equalised, I " W 

angle may be read from a scale, and the temperature calculated or taken I'i ■ l " 

a table made by ealeiilation or by calibration. This table is supplied with c; ■-' ' 

instrument. Townson and Mercer arc the agents, and the ]irb-i • is alnait £ ^-'' 

Willi these optical pyromoters strong reflected light from an extet -•'" 

siniree must he avoided " here possible, and the at spln.-re 1 « '1 11 cell the 1» * 

at the required temperature and the observer must bo reasonably clear, that — •■*■ 

free from much smoke, or eol isl fumes, or clouds of dust or steam. 

TheFery Badiation Pyrometer.— This recently in Lrodun-il l , vmi.. - '"' 

form of pyrometer uses tlic heat radiation fr the furnace or hot body ,-g.il 

measure the temperature, and is thus suitable for dealing with very ht^^*^! 
temperatures. The complete outfit consists of a short telescope on a trips*^* 
stand and a Meylan-D'Arsouval galvanometer graduated in millivolts a— — ** 
!' The radiation from the hot body falls on a concave mirror within 1 

tolesco|H.' and is brought to a focus on a copper-eon Stan tan then oii|* 

The butter the body (he greater the rise in temperature of the couple, a 
the Stronger the current produced ; thus a measure of the temperature of I 

body is obtained, 

The Uehling Pneumatic Pyrometer and Steinbart Automatic Record— * r 

i"i 1 ii iiph.tr instrument, the former registering the temperatures attaiuer^" 

and tlic latter, at the same moment, legibly recording them in ink. tm ^ 
pyrometer is based upon the laws governing (he How of air throug] 
apertures, ami. although the instrument is wonderfully ingenious, and has **" 
far given satisfactory results fur annealing furnace temperature, we 
annul the space to describe it in detail. It has been carefully described V'S 
its inventors before tie' t.'lcveland engineers and later by Mr. .1. il. Harrison- 
M.Inst.C.K, before the him and Steel Institute {Ji'Ui'n., l'JOl, I.). Suction i- 
maintained by a steam aspirator, and is kept constant by drawing air in tiir.niiJi 
a tube in a deep water vessel. Specially purified air which has attained tin- 
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npetature of the space enters one small aperture in a platinum tube, is 
awn almig t" 'i second, where it is also reduced to n constant temperature 
110° ( ..'). At tliere is a constant suction behind the second aperture, and id] 
r passing in :it the lirst is reduced to a constant temperature, if the air pissing 
at the first is of a high temperature and a given volume passes through 

e iirst aperture the amount that reaches tin' st in i will he less than it ihe 

inperaturc were lower; hence, the pressure will be less the higher the tem- 
rature, and tiie waler in a manometer tulie attached "ill rise, while, when the 
mpcrature is less, the water will fall ; hence, Ihe height of this water gives 
measure of the temperature. This varying pressure is transmitted to a Boat, 
that as t lie pressure varies the float has a corresponding movement, and, 
■ means of ii special pen attached, records the temperature on paper moved 
' clockwork. The price is about ,£100 for each furuaoe. 

Choosing a Pyrometer. — The starting point is, the purpose for which the 
striiineiit is required, whether merely to take the temperature of ii space or 
record the delicate changes in the rate of cooling of a piece of iron, steel, 
alloy ; to determine the temperature of an oven or an annealing furnace : 
to take that of a mass of metal at any given moment ; to regulate tin 1 pei- 
■ ■■ a given operation, such as quenching, so that it shall always be 
>ne nl tic same temperature; or merely to ensure that a kiln shall have 
taiuecl to a certain high temperature before it is allowed to cool down again. 
ext must be settled whether a reading at any desired moment will do, or a 
ntitmotm record must be kept ; if the latter, whether the record need be 
slide while being made, or if it will suffice to bo traced photographically so that 
f. day's record can only be examined when it is completed and the plate or 
iper developed. Then comes the price that would give a reasonable expectation 
return ; or what smaller amount is the maximum those in authority may he 
dnced to expend : and, lastly, what insl rumen ts are available, at what price, 
id where they may be purchased. For taking the temperature of a space, 

ch as an oven or a muffle, almost any of the pyr etcrsare available when 

nyl with knowledge and care. To read off the heat at a certain spot quickly, 
to obtain the temperature of a piece of metal for experimental purposes, 
t.> fallow the faintest of the changes in the rate of cooling of, lay, a piece 
pure iron, the thermo-couple stands easily first, and, with regard to its iudiea- 
'ii ahanging with use, thermo-couples have been ill Use for two and three 

nrs at a time for experimental work from 0* to 1000° ('., gradually )>cmmmg 
orter and shorter through small pieces being cut off: but their calibration 
rrefaaa hardly altered ; if protected with double gla/cd porcelain tube! (as 

-i.i -i- pyrometers must lie), their life would probably have been mm I 

rthci priiluiiLHil. uli.liiiimli slieir indications would not he so promptly defined. 

ili j ■ y -lei's as tlieniioph'nies. Soger cones anil sentinels, are cheap at first, 

OVenienl as cheeks, where others can not be bought; but it must In' 
pM&lbered that each time n reading is required one thennophone is gone or 
vend cones arc destroyed ; if few readings arc required, these may do ; but if 

noy are needed the cost mounts Up. The simple hall pyrometer still holds 
i mi i.i in large furnaces where the length of the thermocouple, always exposed 
I e.ni-idi vable temperature, is an objection, and, 

.it' 1 , II"' small ball attached In .■i-U'M"S covered w i: 

i,l i -i, ci ■ red with asbestos or sand, thus taking the tc 

itniment, though cheap, is also capable of giving 

»t - but it is mainly used for such work as lakim 
a given temperature. With n nickel cylinder 
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metals or alloys of low melt inn point, such as white metals or antifricti il]in>, 

mul tims their best casting temperature arrived at. Where the length of 
couple wire required is not excessive, mil the wires can l"' protected From oiide 

of ir r reducing gases, tlicii tin' thermo-couple trives readings at any ti u-ut 

and "ill take the temperature of tin 1 phiee where tlio couple is, in a few seconds. 
They are thus hi constant use for steel casting anil other ama -aliii"; furnaces. 
I'of malleable annealing ovens, for taking the temperatures of chimney gases, 
Mo, These are of the Le ('hatcher type ; the K. W. Paul is one of the cheapest 
and most ]M>rlahIe, Imt docs not record ; t lie liaird und Tatlock is another, 
their pyrogrnph records photographically, inn! the record etui only be seen 
after development, as is the case h it Ii the hnberts-Aiisien. With the platinum 
reajstauoe type the platinum must be protected l.y > .h»nl.|.- -la/od porcelain 
tuhe, which is rather tender and causes lag. a matter of little, importance in i> 
o,tiiiirj -i temperature for twenty-four hours, mid with prujK-r precautions the (■■ 
liability of the indications is a lire: it [loiiit. and the record made by the Calleudar 
It Griffiths, type in in ink and can be seen at any time. If iti either of ill'- 
types, thermo-couple or resistance, the poker lias to be thrust into I hirflSM 
nbove a dark red, the metal tuhe is soon eaten through, and, for continu- 
ous work, must cither lie replaced by a kind of fire-clay tulie now lieirjg mad', 
or the tuhe miisi 1m- m . j I ■ -i- . "o|< ■'! up to the part that is recording tin- 
temperature. The 1'eliling is a i;i«»l example <if a water-cooled tube arrange 
uiei.t with o visible record in ink, the last six or seven hours of which ON 
read \utlioul disturbing an vIliiiiL:, and, "il the whole, it is a marvel nf inv'euiiit > 
the only points ugidn-t il arc its price, the fact that it cannot be moved fr*nw 
"ii" pan of a work- to another, and that. practically, s new pyroroeter is «* 

(paired for every furnace. Finally, as the authors have found by experience tl ■** 
thev are as often asked for prices and name of maker or supply house as ^"^ 
the principle on which that pyrometer acts, the names of the makers esSfcS 1 
approximate prices have been given, merely as a guide : and when some i*^ 1 ^ 
has heei i former] of the most suitable kind available, the linns mentioned. 
almost any of the usual houses wli" supply ciieniinds and apparatus, will ji 
a proper 'puliation for specified wants. Thermo-couples may lie usi'd for t. 

peraturea near to the melting point of platinum, but if required for extern 

periods to read above I |un" ('., (lie Mires soon deteriorate anil recourse ruUBl 
had bo an optical form ; for cheapness, the Mesurc and Nouel is with pmet 
l_'inid for deciding when a certain fixed tcinper.iture is reached, as it needs 
standard and storage battery, and is easy to take to places difficult of ; 
bul onh with l"ii- | .fact ice is ii of much use in varying temperature*, ag 
sensitive lint i- diU'ercnt for every temp-rat urn. The Wanner optical is ni 
dearer ; but since It has been available as a matter of personal <■> [ «-rii ■■ i.-i-. ■ 

the 11-11'. Warmer, with its 18-lb. accumulator to haul about instead ol 
Mesurc and Nouel weighing '2 lbs. in all, the Wanner is the one DOW used 

taking the temperature of Siemens bath, tapping the Sie us, hot end ol * 

checkers, molten cast-iron, special experimental steels, and the like. Ther* 
must he rememltercd, that several others of importance have not been * 
scribed : but as the authors have not yet used them, the reader will obtan ' '" 
reliable information as they could get here from their respective caiidcgw" 1 

tt Should be observed that il is not so much an instrument that is said < l: 

read to a fraction of a degree, and may nol lie giving the real temperature al W 

as OUe that will "iv, with rcasoiialile accuracy, tin- actual tclupcratUW. "i BS 
space or metal required, with (lie greatest facility and the least interferon* 
with work, that contains the essentials of a pyrometer for practical purposes. 
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CHAPTER XXXII. 

STEEL. 

There is a wealth of information on the influence of composition on steel 
generally, >>oth in the form of the tests given by many varied compositions 
and by tables of results of special experiments, showing the effect of gradually 
increasing the amount of one element present, keeping the others in fairly 
constant proportions. The great majority of these tests have, unfortunately 
for our present purpose, been made on forged materials, and, probably because 
the composition of the great bulk of steel castings came, until recently, within 
comparatively narrow limits, the tests on materials as cast or annealed, but 
without work on them, have been by comparison but few. Another reason 
for the paucity of results on castings of varying compositions may be that with 
castings there are so many influences, other than composition, that affect the 
tests, the effect of which is nearly eliminated by always casting in an ingot 
mould and subsequently forging ; hence, probably, the greater attraction of 
forged material for experimenters. 

Influence of Carbon. — The influence of carbon on iron, whether in cast 
or in forged material, is of such immense importance that, in this case, we 
shall consider, briefly, both the cast and the forged materials. Fortunately 
for the purposes of comparison, the best results on the purest materials are, 
in both cases, by the same experimenter, Prof. .Arnold. In all these results 
N means normalised, that is, heated up to about 950° C. to 1000° C, and cooled 
in air ; A (annealed) means that the specimen was maintained for al)Out 70 hours 
near 950° C, and cooled in the furnace in about 100 hours ; and U means 
unbroken. 

The table on page 288 is worthy of careful study, as it shows the influence 
of carbon on steel in castings, and it also shows that, although the pure iron 
and carbon steels may be ideal for certain forged or hardened materials, they 
are not suitable for the general run of commercial steel castings ; as, when 
the tenacity has been sufficiently raised, the ductility has fallen off to an extent 
that would ensure their rejection, a common specification being 28 to 30 tons 
maximum stress, 20 per cent, elongation on 2 inches, and 90° l>end on 1-inch 
square bar over a radius of not more than 1 .1 inch. It may be mentioned here 
that, although the drastic or long annealing improves the quality of the steel 
castings, it injures forgings of a similar composition, and one is often tasked 
why this should be so. The answer seems fairly clear, for a casting, as cast, 
is in its least reliable state for its composition, and it requires long annealing 
to give it the opportunity not merely to eliminate internal stresses, but also to 
repack itself and remodel its whole constitution, as will be seen from the 

9*7 
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photo-micrograph 8 shown ; while a forging has already had a compulsory 
remodelling with a .very severe artificial closing up of its ranks, until distances 
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Crucible Casting, FeB, Si '02, Mn -OB, S -02, P HI, Al "02. 






Forging, Si '03, Mn -02, P '02, S "03, Al -02. 




As cast 


7-916 1 107 


19-8 30-0 


387 180" U 


62 3 


07 






7-925 9-1 


19-2 46-0 


65*1 1 ISO'U 


83-0 


0-07 




Forged N 




21-4 . 46-6 


74-8 ! ... 


61-9 


08 




Foiled A 


... j 8-8 


18-3 1 52-7 


767 | ... 


64-4 


0-08 




Casting, Si -01, Mn '0 


, S -03, P -01, Al -02, Forging, Si -05, Mn "05, S "03, P "02, AI "05^ 




As cist . 


7-887 11-9 : 19-9 


19-6 


29 1 


180° U 


81-8 


018 


Annealed A 


SOU fl-4 1 19*5 


31-0 


47-0 


180" U 


Sl'9 


0-18 \ 


Forged N 


17-1 * 26-4 


421 


67-8 




57-5 


0-21 


Forged A 


9-0 ' 21-3 


42 3 


66-7 




61-5 


0-21 ! 
















Casting, Si -04, Mn -0 


, S-02, T-01,AI . Forging, Si -03, Mn -08, S 02, P -02, Al 036- 


As cast . 


7-861 ! 17-2 J 23-4 


8-5 84 1 90* 


467 


42 


Annealed A 


7-865 ' 101 24*0 


24-6 29-0 1 180-U 


50 


40 


Forged N 


... 18'0 1 30-0 


34-5 56-3 


58-4 


0-38 


Forged A 


... \ 9-B 26-0 


35-0 60-6 1 ... 


58-4 


0-38 


Casting, Si -08, Mn -03 


S -025, P *02, Al *03. Forging, Si -03, Mn '09, S "02, P -02, Al ■(► ~ 








' 1 1 


f 


Sheared 




Ascast . . . 


7-905 


22-3 32-4 2 1'8 


'1 




0-97" 


Annealed A 


7-980 18*6 | 29-0 i 4"0 | 1"7 


60° 


507 


0-8-jW- 


Forged N 


... I 248 52-4 | 13-0 | 15'4 




28 -B 


0-SBa*-* 


Forged A 


... 1 16-8 , 367 


4*5 
ging, Si 


4-2 




41-4 


o-sfi^- 




Casting, Si -1, Mn -28 


S -02, P 
I 7-879 


■02, Al -04. Fo 


07, Mn -15, S 02, P -02, Al -01^. 


1MI 


22-3 


0-0 \ 0*0 0° 


337 l-29"» 


Annealed A 


| 7-864 | 16-8 


29-9 


2*5 3-5 ! 20" 


407 ' 110P 1 


Forged N 


... j 357 


817 


8-0 [ 7*8 j ... 


28-4 11H"» / 


Forged A 


16-2 


32-9 


8*0 1 4-9 | ... 


•"{oSTW 



















hot ween crystals must have been brought down very nearly to ordinary 
molecular distances, and a long annealing only allows these to become great*?'' 
again where they have that tendency. 
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e following tests on carbon-silicon, carbon-manganese, and the remark- 
ngh tensile crucible-melted carbon-, silicon-, inanganeae-steel castings 
lively are selected from an unpublished research of Prof. Arnold's, and 
here by his special permission. They should be compared with the 
ran and carbon series, and with the several test* of carbon-, silicon-, and 
.nese-stcel castings given in the table and in the text, and also with the 
a nickel steel casting result and with the one marked W and B, made by 
i. A. B. Winder and J. D. Brunton, in 1892, in the small open hearth 





Chemical Composition. 
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1e 
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As cist, 


35 


0-M 










B-4 


0-4 











GO 2 


Annealed, 














16 '6 


2*1 




s 


117° 


G4-1 


Aacast 


n-41 


0-23 


0*13 


0-02 0-01 ■' 




lit 


188 





2 





M7 


Annealed, 













11-9 


28*0 


ie 


173 


33° 




As cast, 


oar, 


(1-08 


1-34 1003 002 




2:J'7 


39*0 


4 


A 


13* 


42-3 


Annealed, 






... | ... | ... 




23-0 


37 •» 


18 


-25 


150' 


52-4 


As cast 


034 0'15 


1-R8 


0-oa 'He 




231 


35-8 


8 


9 


83° 




Annealed, 






0-04 | 04 




17-3 


32-1 
30 


21 
32-0 


28 

50 


180" 
... 




Annealed, 


0-37 ] 0-20 


0-90 


*.™t 


0-39 ' .0-68 T42 


03 0*02 




29 1 


301 


3 


„ 


10° 


417 


Annealed, 




... ! ... 




22-6 


391 


lo 


20* 


'"■ 


441 


As east 


... ! ... I ... 






c. 




31-5 


13-0 


13-8 


r.o- 






0-3 j 0-1 0-53 


inn. 


0*07 


fi-ig 




32-7 


150 


22:. 






Forged, 


•'-■: "■!-'-" 










II4-2 


29 


48 7 


180°U 




As east 






Ni 


18*0 


23-1 


24-4 


82-2 


180' 




Annealed, 


Nil 










o-b:. 


13-9 


21-8 


17'5 


33-2 


180° 





He Annealing of Steel Castings. — Steel castings arc still sometimes 
led in ordinary reverberator}- furnaces of the coal-fired type designed 
,he proportion of gratis area to that of the 1h*1 to give a temperature 
00* C. with comparative ease. They are, however, more frequently 

19 
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BBMsled in ii ii'voi'K'i';iti>ry ty|H.> of fiiriijiix', liiil L':is-liiriJ » itii gas from tli" 
ordinary producers. Tin 1 annealing recommended by Prof. Arnold f"i- genera] 

work, III III* |>ii|KT already qUOt«d, is I" linit I In' instings n|i (<■ aU.ill 960* < '-. 

keep them then for about 70 bourn, and (luting op the Furnace) cool as slowly 

M practicable, generally taking about another 100 I rs. 

One objection to the long annulling is tin; very considerable scaling ,.[ tin' 
eastings, mid. for small experimental work, to minimise this I'rof. Arnold 
recommends that tin.' castings should 1»* packed in lime in coveted out&aa 
The old annealing Furnace of the Sheffield University is a cod-fired 
reverberatory type ; but recently a < "inch. I ones patent hunt treatment furnace, 
■jiiiIh k! vi utr i simple lint ingenious feature, lias been installed with an idea of 




testing it« capabilities for several types of heat treatment. PraasuW " : 
organisation and other experimental work has prevented it* being thorough"."' 

tested, but preliminary trials, and the ex]>cricnce of Mr. I'liinh .loin.- himself. 
show that scaling is reduced to a minim um. Fig. 197 is from a h '*.':' 
the patentee has specially prepared for this work, and represents bit W* ' 
type, excepting that sloping wroughi-irou fire-hara have been subatilutHo 

for the rather troublesome step grate, and » water boa] * Forma the I 1 "! 1 -" 11 

of the ash-pit. The fundamental idea is that while the materials are 
a inutile liv keen tlames outside tin' walls of the muffle, virgin gas frnin rl".' 
producer is allowed to come into the imiffln and combine with all the otygffl 
that may enter, thus preventing it getting to the eastings to dealt Han, &J 
oxidising them at their surfaces. 



Thi- piiiii'ip;il must III it)<>u:il ''limit's that tak-' plan- d iirinj;- iiniififtling may 
le iHoatrated b j tlir foUowiog micrographs :--Fig, 806, representing aa mi 
■ ■ l 1 1 1 -. perfect examplr -if (In- tvian;;ular slriintiirc "f llii* Ivjil- of steel as 

St, ww lii-st published by Arnold A H'WilHam in Jfaftm, luili November 
)4. page -12, to s!in« that tin.- triangular markings found in on-U-orita*, and 
Mi.-iui „■• Widluamisliilti'ii li^n n-.-. may also hr found in ninny fasti n<_'s, anil, in 

■his i-:isc, thi'V mil vary piTf-'itly oxliihited. Tli ii'nistnaliiii' uf lln- satin- 

■astiifj. aft it anni'aliiiL'. is shown in 1 1 1 ■ - lower Inilf cji'i'li-, and tin- great change 





again, is from a similar casting (C,C. 0-27, Si 0*2, Mn 0-9, V 004, S 0"0 ,, 

giving in tension I sinnim sUvss of :i0 tons, .'(2 jxt cent, elongation <>ii -J 

inches, 50 per cent, reduction in urea, anil a bend of 100" without sign i.| 
fracture. In this case it is important to ni.it ice that nil trsii-c nf the trianguhu 
structure has gone, und the Biilplio-fUnis are balled tip into the pmetieatt] 
harmless form of Lttle blebs. Unforttumtfly, with this type also, 
does uot always hull up these films, anil rig. 2\ 1 represents the structure of a 
racing ..f /.-n.-riil r-i.inj«>sitiini, i '.(.'. 0*23, Si 0-2, Mn 1'0, P 0-04, S 0-OJi, which 
very stubbornly resisted balling up by ordinary annealing; for, nfu>r llii* 
luud process, the sulpho films can be seen to retaiu their continuity in 6 



oases, while in others they are bulled up, an 
Mum.' field, they hsivo merely se<r related sullu- 
forming little elliptical musses with, however, 
iL.u the bend was only 49°. Kg. 313, l.'.C. 0' 
■ ii.'H- I.hl'i- irroupiugs of fcrrit*) and pciirliti 
divisjoiisof fcrrite between ; luit with nn e "' ' 



in yi't otlni OHWB, ttll in (In- 
■ntly In break ilir' continuity In 

bair lougn axes Mill In line, u 
, Siu-27. Wn&-7,S0*06, |- n-nii, 
individually small, witli large 

ill tli.' 01 



roads resulting in the inferior tensile test, of elastic limit 'ill Ions, ninxiii stress 

,11 tons, i-limiratiun 6 per cent, on 2 inches, reduction in arra 7 |ier imt ., ;uul 
;i bend not even worthy of being recorded. Kill. 218 is also of interest, H 










■-bowing .-i .-.iniilnf in-- iii -■ ii . ■ ■ ni ('.('. (i'o. Si l»'25, Mn l*<i, 

P 0-06, S 0'05, with iin elastic limit, ol 20 torn, of 43 -. 

elongation and reduction in area each 10 per cent, and a bend "f 25*. Only 
three example of the. good to several of the diseased ha»i' l«'en lmm -n, 

b iliu former might be Itiplied indefinitely from everyday work, it 

is when the bitter are found that a study of their pro* 

Uttona under which they have been formed, arc of tb< greateal v. dim to 

IbOM "h" nmld produce the beat, and it is n necessary study, for it is only 

[n fjotka in fairy-tales that inch examples nevoi nr in rmmivtiou with the 

i:vireinely difficult but faaciualing art "f producing nrat-claoi Btfli I easting 
Not only is there tlii- general change in tin form ■"■ | [rouping of to 
its, but the pearlite in different in itself, long annealing generally 



I- *trbe tn become better defined. Thii change i* in am 
frenwfirial, l»ii m othen it may be harmful. ;■> ■ .1. ii.il Meal, 

and then/on mttinty oompoeed ol pearlite. While rliiuiimii!-... 

stresses, iiuil readjust inn i:rvst;illisiiti(iii. it 1 1 1 ; i > DOUse 1 Off* brittuHl 

tlie hunilMtio]] llf tllC eouslitU.'Uts of tlie [K'ilHitl IM'i' til'. "J-'l'l. I'll! 'Ill" UIUV 

In- nHDOVed, Without remtrodueiui! tin' olLi'j- evils, by hcalim; the c ■ 

fail red beat above Ad (about 730 C.) and oooliug in tin 

1 1 if.- an not Im-i;.- i-.i-.im-j- . -.-.- ii^. j:i:i|. 




The authors have made cnstiuga for tlie market of an ordinal? turoi**? 

tool mixture, free Fr lil.nvln.li-, by the use of aluminium ; theee m n 

without iLiiiii.'iiliii", as, ha\mj; i.uly t.> stand lieinj; pressed through tbi'' 

iii:a-'riiil. ,1 alius; »<»ild \i:i\r <teti-n.>mt.'d Ui.-m l'..r t.li.-ii- work. AlaOi 

of self-hard mixtures, such as tlie Marti no steel castings, will obviooslj n"' 

ri.-'jiiifi- Hi.- .-list iii-y tr.'iitiiii'Ul ul' ordinary steel Ciistiiiirrt wliii-li un- 

in -in ih. 'in ductility, but must be treated according to the usual well-known 
needs of self-bard Bteels. If sueli east inn* are to be tooled, they must be annealed 
to M.it'it'ii them, as they are dead bard when they uool from tbi moid. I . Imi | 



896 

■ ■ liLni'i-'idiiii-iiliiiirsliniilfl ffi'in Tally suflicr, 1 ■iikii J x-iintr never tndniw the 
1KB until llit-v iii-i- '-nl'l ■■i»'ul'1i in handle quite oomfortebly, or they will 

Ij liiinl. the tool. After toolinjr, they may lie iv hardened hysuitnbly 

ng the cutting parts, or the parts required bard, to a twmperatore dapeaa 
>u the nature of the ateel, and cooling ag«in as dii-crinl l>y Hie makers, 

u a hlnst of air, in lint water, or in a moderately thick (vis is) oil. 

rucible Process. -In tba manufacture of steel (or castings bj the 




Ellijiti 



ik* prooeea, roughly, the resulting stec! (us poured into the mould) has 
MRU composition of the material charged. There are, however, certain 
cbaogaa during the proccus, which are important when making to a 

■cation befcweei vow limits, ami, without doubt, Important alto in 

influence on the steel itself. There may be either an increase or a 

inn in the percentage of «irln>n over the calculated i i]H>sitiou. ami the 

ul "i (his mnatioi .-i !■■■ t'liiind for the particular circumstances. IF 

ig is effected in a plumbago crucible, the carbon will increase, and the 



arobabjlity is dial the bmmm "ill Im tan Erou the Dew oructble onwardi 
auriiuj eiiooeaaivn meltings. With the ordinary Sheffield pott ; ""' m*teriah 
free from rust, the carbon tonics practically to culi-iilation, with, perhaps, :> 
alight mermen in the first round and decrease in the third, but for the geni n 
run of easting «pecific;Uiinis prin-ti.-ally negligible. The bJKcoo and mangatnea 
an BObJBOt tn important variations. As an example, a mixture nlouhttins to 
*ii(i per eent nUoon and f>6 per cent. manganese as oh&rged, vrbei it ■■ 




with care by a good nielter and killed by fire, that is, left in the hoi 
minutes or «■> nfter \n.-\ug thoroughly fluid, will analyse in the casting alwiil 
^ ' " I — per 'Till, of silinni and id" 111 1 O'.'Sii [H'l- ivnl, of manganese, takinj 
figures. The manganese most probably decomposes some silica, in bfa 
n silicate Imrrmvcd from the crucible round the ring at the surface "I tb 
liiiilti-n natal, and throws silicon into the steel, while the mangl [] 
mflen oxidation. Thus, 

2SiO, + Mn,-=2MnO, SiO. + SL 



110 



2* 



If thiw t«.' the reaction, lIh.ii tin.' -on .if hihi-.m ;niik"l .-i 1 1 r i v - ■ been the 

CtUSeof 0-24 percent. oE manganese lieing ovidisud, and il will be win that 
0-60— 0*36 — 0"26 per cent Mn baa gone. Any "sy^cn Unit may lie present 
■ii iln steel, or lh;il baa been admitted while the lid was off fur inspection, 
u •■■■ be tafceo up either by the silicon in- tin.' manganese ; lmt it will be seen 
utter that, i.'vi-i. in the open hearth, Si and Mn may be reduced (roni the 




dig by oarbon From the molten steel. Another explanation is that the 
fcfti is oxidised to MnO, which attacks the crucible, funninu' lusioirstuous ^ili.-.-iin-, 
*[«J tliul the curiam oF the alcel minces silicon from tin* slag. Whichever 
bt the true explanation, the facts are clear, Fur the longer tin' molten Steel i> 

'■r|ii in the Crucible the huh.- i ^ sc is eliminated and the higher the 

: i i ■ ■- ► ! i i .-ii u ii.--- During the process of molting, the sulphur invariably 

»itli ordinary commercial cokes containing from '75 to over 1 per 

ent. "i sulphur, and, scs si -nidi', with coke about 1 per cent., the increase in 

tiiphur will run u< something like UU15 per cent., while a partioularl 3 bad 
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coke of l'1S per cent, sulphur 1ms given an increase of dvm M)2 pel oenl 

sulphur. Also, « ti.ii iiifi'riiiv idkr dust high in sulphur in used in nuking the 
erueiblea soma of its Mlpfaar is taken up by the charge. The pbuepJwnn 

in tin- rusting "ill be practically tic smiiu' us hy rah-uhatnu from tin- mixture. 
Tr> B p, Under normal conditions, witli n ehiy crii.ihh', ihe c:irl«m shows 

Untie und the phosphocaa no variation From the riili(ih«ti tbo sulphur and 

silicon an increase and the. manganese a decrease, While the figures taw 
mi idea oF the respective magnitudes of tin; ditl'crcnccs mid mi insight inr.ii 
the nature oF the changes in crucible melting sullicicul to make a vol y good 

first trial For a nisthi^ to specitirat i they should k> taken mainly M 8 

warning of the changes thai do bake place; and as the amount* vary 
with thu varying conditions of melting, and, For the muse conditions of 
melting, with charges of varying com pisit ions, the alterations For tin- 
Special Base in hand should Iki determined by trial chaises. 

The crucibles for steel nuking arc made of b mixture of the beat Kre^bya, 

with a small proportion oF eoke dust fr the l»st quality moiling ink- 

after the required amount of water is added, they are well mixed, and. limdlv, 
systematically trodden by the hare feet in a way that produces a quality Of 

crucible that ha* mil yet I u produced at the same cost bj any mechanical 

process. The, eluy is then divided with the ipade into lumps suitable for 

■ pot Booh, and these are carefully adjusted to weight, so that the cxnd 

amount necessary for one [Hit may he "urki-d on B table until the potanaker 
satisfies himself that he baa released all entrapped air. The ball is that 
thrown into a well-oiled flask, i riled with a kind of crude petroleum, ami tin- 
phlg is forced down into the clay until tlie guide pin of the plug enters thfl 

hole iii the bottom of the Hask, when the plug is driven home by blown Crow 
a heavy araoden mallet. The plug is withdrawn, the top of the crutibh 

shaped with a hand tool, the Hask lifted ou to n stand, eased 

dropped, leaving the erueihle standing clear. The crucible is lifted on t" ■' 
hoard holding two, and these are taken away to air-dry. They should be 
allowed to dry For several weeks, and then, the nighl before they an 

they are placed month down in an annealing grate, a rectangular cavity w 
Suitable grate area to pick the desired iiumlier of |m it s side by side Witt) I 
slight clearance U'tween them and a Few inches deeper than the pot, ivhile tin' 
bars are set as close as rough-cut Lj-inch square ivrought-irou bars "ill -" 

This grate is started with a thill layer of small cold coki the hai 

layer of hot on that, a thin layer of cold, the pote laid on mouth down, liUd '■!' 
with small coke to a fen inches above the pote and left, when it will he at h ""' 
beat in about twenty hours or so. It ib obvious that the pots made l -. 

audflaak worked by hand have a hole in the bottom ; hut > -times. MtliMU-' 1 

the refractory mixture is trodden by foot, it is sliaped by machine:-, and ''"" 
there is no hole in the bottom. This latter is the type used for gas enicil*-' 

In the morning a coal fire is mad I a special grate, two stands careful'? 

placed on the bars in each hole, s. ■ red-hot fuel front the grate put in, i'\ 

coal on the top. Whin the tires have fairly started, the stands ■■ 
with a scraper, a sprinkling of wind thrown on. the crucibles draw.: 

annealing furnace and jila Ion the stands, the lid put on, a little nuire w* 

added. I lie lire allowed to bum up for about five minutes, and then .1. . 
eoke thrown in till level with the lids. If the |K>ts have a boli 

liottoui, when they have attained .1 -nod heal, a generous double hand I ill el ' 
fairly refractory red sand is thrown in to make a solid hot! to the □rtteitSf 



while the; sprinkling mi the stand cements the crucible and the Stand bogstfw. 
A firing "f coke is put on, anil when the wind it: set hard unci tin' crucibles 
have attained a good heat the mixture is charged into them, the lid pot on, 
and eokus added to well above the lids. If the steel is to be killed by lire, 
1 11 it- firing will be required after the mixture is elear melted : but if by 
aluminium, then about 0*03 per cent. Al, or | ok. to 50 lbs., may be added 
to the charge whenever it is dear melted, and the charge poured -is soon 
as possible. By this proceeB about :H to 3 tons of coke are required to 
melt 1 ton of steel, but the steel is the whole linn, siirrniiudi.fl by a 
reducing atmosphere. An ordinary easting mixture will take alujut four 
bOUn in the first round and three-and-a-half in the second, in the gas 
erni'ihle process, the ordinary Siemens regenerative (iiiinipli- is adopted, and, 
instead of an open hearth, crucibles are used to hold the charges. The 
temperatures of Individual charges are not under smh good control u with 
the eoke emeible, and the melting is dune in a distinctly oxidising atmosphere, 
as seen from the eatra slag produced in melting and the [act that crucibles 
fi'nin the nanu mixture are Mack through in fracture after mm' in tin.' coke 
holes, while the fracture is partly white when they Eire used in the gas holes. 
N le-th'T this has any deleterious influence nil the properties of the eastings is 

nut yet known. The fuel consiuuptiou with gas holes is about 22 cwts. of 
coal per ton of steel melted. 

The crucible is always cut away at the surface of the liipiid metal, and 
lieiio.' ilic desirability of reducing the weights for eaeli successive charge by 
4 to 6 lbs. Thus, if 56 lbs. he the weight For the first round, 52 lbs. would I* 
advisable fur the second and 48 for the third, so as to have the cutting RCttOB 
on the crucible at a different level in each round. The life of a plumbago 
crucible is very variable, tint the Sheffield crucible cracks in cooling, and busts 
I In' three rounds uf one da \ 's work, or occasionally, in times of stress, even four 
pounds. The kind of materials suitable for steel casting mixtures is obvious. 
They must calculate out to the carbon required, to not more than tic 
I'li.i I'li.ii us, and rather less than the sulphur in the specification. The silicon 
is generally added by using high silicon pig or ferro-silicoii, the manganese by 
the use of ferro-mauL'anese or spiegel, and the charges arc calculated as already 
ahem in the case of cupola charges. 

Acid Open Hearth Process. — For the acid open hearth process of steel 

uinking in the Siemens regenerative furnace, Siemens originally proposed 

nailing on the hearth of the furnace pig-inni of suitable , .position, having 

■' "ivi-i ing of slag and gradually eliminating the caelum, silicon, and uianganese 
'"' I hi; oxidising action of ore {l''c.,0 3 ) added to the slag. Martin used a 
""Minv of pig-iron und scrap, and the method almost universally employed to- 
^y is a combination of these, the Siemens- Martin or pig, scrap, and ore pro- 
'"" s, iii i\ hid i a mixture of pig and scrap, in proportions generally somewhere 
v twicu fi."i per cent, pig to 35 per ceut. scrap and 30 per cent, pig to 70 per 
Ul »t. scrap, is charged, melted with a covering of slug, and purified liy the 
""Ution of ore Lu the slag. 

The general features of the process are, that, after melting down, the bath 
'"iiij i,,.]| covered with slag, if not from materials formed during the melting, 

""■li b\ | he addition of some slag from a funnel' heat, tie' s!iil' is brought into 
J aniil ami (for the acid process) a basic condition by the addition of a compare 

l |v ']> large proportion of ore. The fining of the charge takes place al this 
the silicon and with it the manganese are oxidised into silica (SiO.) 
oxide (MuO) which pass into the slag, while but a little of the 
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oarfaon is removed. Then continuing suitable additions of on Co keep the ita 

in a thin or limpid and basic condition, tic earUiii I. coins to !>■■ attacked, I. 

coming off in the form of carbon monoxide, produces it bubbling action 
in the slag, "in.'ii the bath is said in hare come "on the boil." The carbon 
monoxide iras may often he seen burning to carbon dioxide as the buhble- 
break. At n stage of the boil dictated by experience, or, if there has been no 

experience, curly cnouidi in the process, after well rabhlino. >| u sample* 

well covered with dag are taken out, cooled slowly to below the carbon <-i ji 

point, then cooled off more rapidly, and either broken to jnd-o' (he cad-m In 
the rViii't.nre, ••r drilled for its estimation hy the colour test. If the la»! fei 
samples showed 1 1 lilt the carbon is gnini; down at the ntte of, say, 0*18 pa 
cent. C, per hoUF, and a carbon report 0'35 per cent, in banded in 16 minute! 
lifter the sample was taken, allowing another 8 minutes before the fern 
maueauesc couht be added, nmkiiiii :JO minutes up- one-third ol" the hour, tot 
bath would now probably be one-third of 0'15, or 0*05 lower in carbon, M 
n-;;."i - i)-n;"i = u-:i0 per cent. The ferro will, however, add some carbon to lh 

bath, imd the amount should be calculated as already shown. Sa\ .i 

about 0-1 percent., this would make the bath O'W + 0-1, or O'l percent i'., i- 

tnppcd. Again, biking the problem the usual way it mrs. reiiuired th 

carbon the lust Niimple should show if the bath is to be tapped at IHB p« 
cent. It in obvious that the carUiu in the deciding sample should lie ei|iml I" 
the curium desired in the castings - the curl ion added by the Ferro + the probebli 
fall daring the time from Inking the wimple to reporting nod adding ll"' 
ferro. The ferro may be added either in the furnace or in the ladle. If to 
the furnace a loss of -It) per cent, may be allowed for, and finishing with n g»l 
quiet acid sbi", the loss t<> n u'lval evtenl depends on the time between »M\uf. 

the ferro and tapping. If the ferro be added to the ladle aa the sire pins 

in, the loss of manganese maj be even less than 20 per cent: but Ian.'. 

again, only a genera! idea I'r one's own experience ran lie given, and '•■" 

striking a particular composition in the cuslinj,' each one should determine I hi' 

; unit of the loss under bis own working conditions. 

The steel is then tupped liy liresiking lb rough the lap hole in the I 

or by partly rotating the hearth in the tilliicj form : it runs down the I] I ,,! ' 

lander into the ladle, from which it is triiusfciTcd to the moulds bj bottom pOOP 
ing I iy means of t lye swan neck and stopper, as shown in tig, '11 . A lucaii normal 

lose in the process may be taken at about ■"> per cent, on the metallic el .-■ 

In considering the reaction* in the acid process it must he rcmeinh ■ 

a quiet slag is mainly fen s and mimganous oxides, with something lik< 

jier cent, silica, and the ore added will soon dissolve in the .••lag, probablj f 
magnetic oxide (Fc a Oj. This uiity attack silicon in the hath ; thus, 



in which ease it is evident that the removal of one part of silv 
the bath ft-ould add three of iron to it, and thus In- a good exohan 
reaction may also stop thus, however, Si + 2Fc J O < = Si0 1 + 6Fa0 
silicon from the bath may merely reduce the magnetic to Ferrous o\i.lc, 
when the ferrous oxido will join with the silica formed and Bonn 
furnace or in the slag and give rise to ferrous silicate. Tin' one rciicli"!' 
obviously tends to make the slag more acid, w bile the other leaves it Uisic, hhI 
it ii- prohuble that both reactions actually take place. Generally, the carl"* 
is very little attacked until the silicon and manganese are much ■ 



amount : while, after this, the carbon is also gradually eliminated, although 
■ometimee it ni found that the steel at the end was much higher in silicon 
than in others. This point was very fully investigated by A. M -William and 

v\ . If. Ifutti.-ld, whoiMic.. <■ in' thei i -results in their paper, "The Elimination 

of Hiliei.ii in iln- Acid Open Hearth," Iron and Steel but. Joutn., L902, No, !. 
pp. 54 i" 78, in which the] show that, although the above generally accepted 
explanation is true when the slag is kept sufficiently l.asie, if the slag be 

.tlh. weil to Ik? nt: in ill ihe carl urn tuny still continue t'. he removed ; but that, 

instead of lieirig removed by reduction of oxide of inm, part Of it at least 
I. duel's not only silii'a hut OHO mangiiuoiis i.\ide from the slag; so that, while 
the carbon still continues to fall, silicon, and even manganese, are thrown boajt 
into the bath, a discovery sufficiently startling to draw from 1'rof. Ledebur of 
.In- reumrk "that manganese could he red need from ;i stag so rich 
in silica wn.s scarcely tu lie imagined, especially under the oxidising influences 

uf the Open heart))." The result, however, was fully coiilin j liy -Ml*. Lunge 

i if OortOO, idler receipt of the usual advance copy of the paper men tinned, and 

■ '...- ■ ■ I'i.'en ninny limes repeated. Full details are given in the piper; bul it 

maj be amid that, after the fining stage was over and miller their conditions 
uf working, a slug containing . r .| per cent of silica was thin and active and 

kept the silie inl manganese low ; while with . r, 7 per cent, of silica il was 

thick, and sflieon and manganese were both increasing in the Lath, while 
lOfoewhere neat H per cent, of silica was about the balance point between 
the two. The following table and curves, taken from the nit me paper, are worthy 
of cit refill study, and in connect ion with it the authors remark : "It if* interesting 
to note that, about an hour after melting, the carbon is If.", per cent., the 

[■aOganese 0*1, and the silicon Q'05. At 1,30, when the thinnest Blag has 

had B -hurt (i to act, and is just liegiutiiti^ to thicken again, the annk-i- is 

r.i\ 0-86, Mn 0-04, Si 0-02. The slag is now allowed bo thicken tor two' and « 
half hours ijiiictK and steadily fn.m reduction of base, and the analysis of the 
sample then ntiows C.C. 038, Mn 01, and Si 0-09 per cent ; then, with the 

suitable thinning of the slag again, all three elements arc steadily eliminated 

Sill I the Hnal sample, just before adding the manganese, contains ('.('. 0*14, 
n 0*065, Si 0*025 per cent. The percentages of silica In the slags corre- 
aponding to the lust three samples are oil. o7, and 5:1 respectively." 

Dbtailh of Sceciai, Charoi No. 1. 



Com -main I" l-:illi. 



D047 0-11 

0-04S 0-OP 

0-02S 0-0*L! 



Additions 

Material, i -wis 

.■M.-IU-li 

Ore 10 

., * 

(Botl) 



Itrj iliin 

TUiii 



i ■ imposition of Slug. 


K,i i. 


I'-", 


SiO,. 


I'.tent. 


l'.-ni 


['.cent. 


(W 


7 : 1 


45*0 


M-l IB 


B-2'8 
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Detaiia op Spbcial Charge No. 1 — rontinued. 
I Time. Composition of Hath. : Ad 



c.c. 


Si. 


Mn. 


hftteriil. 


P. cent. 


P. cent 


P. cent. 




073 


0*092 






065 


0-034 


0-056 




0-6B 


0081 


o-oaa 




0'40 


078 


0-08 




0-38 


0-088 


0'0B5 


On 

I Ore 
J lime 


0*28 


0031 


0*072 


Ore 
Ore 


0-lfl 


024 


a ■nil:; 


Ore 


OH 


0-02.*. 


-00:-. 





1 Consistency 


(jomposi tion of Blftg. 




FeO. 


Fe,O r 


SiOt 


Becoming 
thicker 

, Ksirly thick 
Thick 


P. cent. 
1 .. 


P.cent 




, Thickest 


208 


1-1 


Ml 


Becoming 
thinner 


}; 




... 
... 


Fniriy thin 








Fairly thin 


21 -e 


0-57 


5)* 



TenaUt T*$L~ Mm 

inches ; reduction in ai 

Sp&ifie«iion. — Ma> 



lished steel, C.C. 0-31 ; Si 0*045 ; Mn 0-68. 

uin stress, 35 tons per square inch ; elongation, 28 per ceDt U> ! 
4B n*p nnt on the forged sample. 

! tons per square inch ; elongation, 26 per cent i"' 
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Steel of almost any desired carbon content for castings may be made by 

running ili hi ii in dead mild ;mil bringing tlie earbon up by adding a calculated 

iminlily nf pig of known < iposition, a process known as pigging buck; but 

In st"|i tin- u w m e M at any desired percentage of carl slowing down of 

the elimii jat inn process is necessary to obtain a quiet Dicta] with the carbon 
within fiiiL- limits. Tin' slag is thus allowed to exhaust itself of ore sufficiently, 
mid thus t<i become comjjaratively acid, which, if the Iwilance jwiin t be passed, 
results in it slight gradual increase in silicon ; this, although it must be kept 
o» for some forged material spec ideations, is not at all undesirable for metal 
or the great majority ot" .steel castings, as it helps to give a quiet metal find 
in prevent the formation of blowholes in the eastings. 

Mr. Hrincll, the great Swedish metallurgist, lias published the results of 
extended weeaivhea on "The Influence of Chemical Composition on 

illiilliess of Steel Ingots,'' which ingots arc, after ail, steel castings ea-l in 

ills, lie showed that in his practice, as a jiiv\ ciitive of blowholes, taking 

G elements as found in the steel, and using manganese as his standard, 

5"2 times, and aluminium, if any present, is 90 times as 

nverful. Hence, multiplying the percentage of silicon by 5~2, and that of 

iiuiiniuni in the steel by 110, and adding the results to the manganese present, 

! obtained a number which he called the density quotient, of such a nature 

nit for the siiine density quotient he obtained the same type of ingot; for a 

.1 quotient one with more blowholes : for a higher, one with fewer hlow- 

i. A. M'Wiliiam and W. H. Hatfield, in a [japer given to the Iron and Site) 

Joan., 1904, No. II.. pp. 206 to ■lit), on "Acid Open Hearth Manipulation," 

(■■ lli.it their -general experience had cirrol nnated that of llrinell; but during 

progress of their research they made die interesting discovery that those 

n_rcs treated to one hour's thickening of the slag reipiired a lower density 

oiiiiit than that for no rn ad heats to give a certain type of ingot; charges 

■ted to two hours' thickening required a lower number still ; while in a 

t run specially last, and finished with a much higher density quotient, the 

■ its loni'spouded to ii lower number. The following figures are given 

itatively as a matter of interest, for they appeal to the writers as being of 

insjilerablc imjiortaiicc, and they are engaged in following the matter up 

itua^'h this and other channels : — 



1 TreatmeiitofCimrge. 


Density Quotient. ' Typi at Ingots. 


Thickening, 35 hours, . 
1 Thickening, ]j Injurs, . 
Ordinary, 


0-HU good 
1000 good 
1 '35 good 



I'be matter is quoted here, as it seems to give another point in the "Ifr illfl 
**pen hearth practice, and shows that all docs not depend on the final 
"l*"sition in given in a •complete ordinary' analysis, but that there is 

I" 'Vtaiii-c in the history of the charge before it has attained to that c ]>osi 

"• Also it might perhaps become of interest if sound eastings were wanted 
* smaller amounts of silicon and manganese and without the use of 
'"'ilihiiu." 

U is OTident that, as the nearer the bath of metal comes ti 
'" higher is its melting point, the temperature must lie kept 
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thfl ^imposition Of the hath. The fuel consumption runs from about 7 to 12£ 
owta. hi' oca] i" 1 !" ton of steel melted, and the average 1< im.-s is about -i to B per 
wilt, mi the metallic L-lianrc ; fur, although a suitable pi<; may only contain 'XI 
1 11 ■]■ i, Hi hi in in, in* a 2 to I mixture !);"> [ier cent, nf iron, imrl sonic must be 
oxidised during melting down, them Is undoubtedly Bome exohangi 

fr tin' slag fur silicon or manganese or carbon, when tin' molten t'l i.il U 

under it.s covering of sbijf. When considering suitable metal for tin | • 

the mixture of pig and scrap must be aa 1"" in sulphur and phosphorus u 
tbe reomireiu-'iits of the s|,ceilie-atioii; but otherwise there is a great freedom 
of choice, although, if the sulphur be low, this generally means Fairly 
high silicon in the pijr, which will then carry a pood proportion of scrap. 

The ordinary English Siemens pit; is generally mixed Bessemer n ln-i- 

(sec tabl i p. --"). running over 2 percent. Si, under I per em t. manganese, 

with sulphur ami phosphorus, say. sit Hint IKHi, hut depending "U the sp'cihriitiiiu 
for the castings. 

Basic Open Hearth Process.— The basic open hearth process is worked in 

a similar furnace to the acid, only tin- bottom is made of some baaic material, 

as already described. Snitiihle pin and scrap are melted, or, in some ««*, 
direct metal is charged on to the hearth, and lime and ore are added, for in 

this ease a hiirlily basic slag is maintained, anil ultimately the carbon , — i I b> 

ganese, and phosphorus are oxidised, and sometimes also a proportk 

the sulphur is removed. As before, there is a fining shine, and then the ImI, 
when practically all the earlion and phosphorus are eliminated by additions of 
ore anil lime ; and, during the process, if the ore be low iu sulphur, ami BttM 
spar lie used to thin the slag, a proportion <.f the sulphur may be remowd, 
30,000 tons of fluor are said to have been used for steel-making purposee in. 
D.S.A, in 1905, It will be wen that as the phosphorus must l„- brought 
low, and, if present in quantity, it is the last, to go, all the elements-, imHh.ii, 

sili , manganese, sulphur, and phosphorus, must be brought low, anil if 

earburismg material be added in presence uf the sla;:. s if the phosphorus I 

is :ipt to return to the metal ; hence, the steel st be tapped to separate ' 

the slag, or, in the tilting form, the slag is paired off and the carhon 

the desired extent by adding ferro or spiegel or by the Darby process "i 

passing into the metal a known weight of charcoal. 

For the basic process it is obvious thai 1 In ehareo should I hi low in -ilii-nn. 
for this forms the aeid oxide, siliea, whieb would either attack the lied or " 

bank- or require a large amount of added lime to keep the slag sufficiently - 
basic. Sulphur, nearly as low as specified for the eastings, is also required, iv* ■ 

sulphur elimination is not very reliable, is expensive, and bad for the hank- - 
The phosphorus may be almost anything iu reason, only the higher Um ' 
phosphorus, the longer tho purifying process is said to take. Manganese El ■ 
usually high in the real basic pins, owinn to the needs of the blast Furnace bl 

making low silicon pig, with low sulphur and coke as fuel ; bill the gam 

helps tl liniination of sulphur, although excess is wasteful, us it is oxidised 

ami passes into the sI.il;-. I he ami unit present neiieralh lieniLi I .'. to 2 per edit. 
As an example, a common specification is silicon less than 09, anil sulphur tml 

more than 0'06. Tallmt, in his basic i tinuous process, claims a viehl of ll>ii 

per cent, on the metallic charge. 

The Bessemer ProcesB and its Modifications.— There only reman,- ih 
Bessemer process in which pig-iron is purified by a blast of air, and 

acid nr a basic lining re-perl ively. tin- s ■ elements ai liiuimtted 

corresponding open hearth processes. Molten pi^-iron, either direct from the 



blast furnace, or after mmalting in n cupola, is delivered into the hot vessel, 

hoi from a previous blow or heated by si tim or )iy a gas or r il flame. Air 

i Mi:clt' tn act ujKtii Lilt 1 liipiid pig-iron liy being blown from Underneath 

(ordinary ISessei ■), fruni tin' side ( Itnliert), or along the surface (Tropenas) ; 

and the uir in oxidising carbon, silicon, mid manganese with mi acid, and 
carlton, silicon, manganese, mid ] ih> >s|ili. it us with n ha-sic lining, at one mid the 
same tiiiif purities thi' metal and raises its temperature to tin- desired extent. 

In the mill process, the sulphur and the phosphorus in the pig must, be slightly 
loss than in the s|ieLirication, for as, in thin case, the oxygen in the air merely 
combines with the impurities mid carries them off or leaves them in the- slug, 
there is no exchange of iron for impurity, as in the open hearth process ] HU, 
■ ■ll lii'ii-jti the impurities oxidised supply the ucce>sarv heal, Uicy arc a dead 
In--, in weight, ilf low amounting in some eases to as much as 20 per cent. 
Ih'ine. as there is no elimination of sulphur and phosphorus, and the amount 

present is concentrated in a s Her total, the sulphur sod phosphorus in the 

pig must be less than required ill the canting. The skill in the winking of 

t/iis process, then, is addressed to charging a composition ol lal, nhich, 

iid'T the special circumstances, shall bring the hath to the temperature t» 
lired for the wines, mimlter, and types of castings to Ik' made, when the proper 
purification is reached. Ledebur has calculated that the rise in 
■mpenture of the hath, due to the combustion of 1 per cent, of each of the 
>»istituetits, is as under: —silicon, 300" C. ; phosphorus, ls.'l" ( '. ; manganese. 
hi, 44' C; carlKin, fi° C. It will be aeec that eUicon is of the chief 
-■portanec : and generally, in the acid process, it is mainly to the alteration 

this element, tl tilers remaining approximately constant, that change 

composition for different conditions is directed, except in Swedish 

let ice, in which a considerable pro]iortion of the heal is supplied liy the 

lution of manganese. In ordinary F.nglish Bessemer practice, I'i per cent. 

■ ' mil is a fair average with [ tn 1 per cent, manganese ; in American, with 

~*\V hot fluid metal and .pii.k working, U \<vr eclil. silicon would be nearer 

I'.'-ri-i'; while in Sweden, for many purposes, its much as '1 per eent. 

*-»igntiesc is used with a coiii]>aralively low silicon. 

In the basic process, a minimum of silicon is desirable, because of the 
'jfing - Heel of the acid oxide, silica, nu the basic lining, and therefore nnly 
lieient is used, with the manganese also present, l.n keep the bath in good 
".litioii until the carbon has all gone, when, during the after-blow, the 
t*aed of the blow after the Same has dropped, the phosphorus is oxidised; 
[ «, il the right amount be present, the hath is thus brought to a temperature 
* I. able for finishing the heal ami pou rill- tin' necessary castings. 

The authors are fortunate in obtaining from the well-known American 

• expert, Mr. Arthur Sii ison, the following detailed description of 

: Tropenas proeess. Mr. Simonson is a son of Sheffield, was trained in its 
■ liuii-d i 'o|l<?m\ and took his tirst practical steps in its works: — 

The Tropenas Process. By Arthur Simonson, Philadelphia, U.S.A.— 

*torical — The Tropenas process was patented by Alexandre Tropenas 

"' Paris, France, in Hie he-inning of 1891 ; and the tirst converter, having a 

'■iMcKv- of 800 pounds, mis erected al the works of Edgar Allen A Co., Ltd., 

W Sheffield. Results obtained from this Uihy converter, under the most trying 

■mi's of inexperience, siuallness of the apparatus, etc., were so 

■ I, of two tons uapiL'ity. was very shortly erected, 

lid the process at imn bciT ■ luercial success. Since that time, by 

'- intrinsic merit-, it has progressed, until, at I lie present time, ollt- 

20 
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side of tin' open hearth and Standard Bessemer processes, it is, probable. Me' 
largest producer of steel Aliont 1898 it was intr<-|iir -■. ■■ I into (In 1 I'nited 
States, where il baa met with great success, baring been Adopted by r" 

Qoten nt, and used in two navy yards and otic arsenal. Mtogethe 

United States at this time there are over twenty converters i t ■ use i 
lifteen plants. 

Object and Scope of the Process.— The object of the Tropenss pv 
to fill a field left vacant by the other processes in use. To ascertain what this 

Held is it will be uccessarv to look »t il ther prm 'esses and see what are 

their limitations. First, we have the open hearth pn»'css, supreme for tie; 
manufacture of large eastings and heavy tonnage, but, needing to be kepi 
going continuously ui^rht and day ; the plant is very costly, and it is but ill 
united to the fluctuations of trade. On the other hand, it in probably the — 

cheapest process to i>]h.']-:iU' when installed no n large scale mid operated I" il- 

full capacity. The crucible process, while it makes the very highest grade ot ~~ ^ 
steel, has a very small capacity and very great cost of production. I: 
Tropenas process occupies an intermediate position, and while il neei 
has its limitations it fills a wide and increasingly large field. It is exceedingl y*.^ 
elastic, accommodating itself to changes in the volume of business with gn?at^"J*t 
economy. It produces hotter steel than any other process, gives great facility — -* 
in handling, and produces small quantities at a time — two tons being tlie=^^ 
standard capacity — making it unnecessary to have n great quantity of nioulil:^^ * 
ready at one time, and thus reducing the amount of Boor space required. 1 1 
steel may he carried long distances in hand ladles or shanks, and pom-.' ■■ 

into small and c plicated eastings, which replace forging)*, malleable am "- 11 

grey iron castings. The development of automobiles, motor boat 
enterprises calling for immense power to la' developed in engines of small m 
and weight, has largely been made possible by the aid given to the designer d )' 

the Tropenas process. 

Description of Plant and Process.— The Tropenas process consists, i 

tially. in the melting of „ chemically calculated mixture of pig-iron ind -■ 
in a cupola, the transference of the molten material to a special li \- 
verier and its conversion to steel therein. The reactions of the process a 
identical with those of the Bessemer and open hearth processes : it is only i " 
the manner of producing the reactions that there is any dirlcn-nee. Tli. 

l)eiug to produce very hot steel, as nearly free froi 'eluded -asos as j.»wsil>l «*■ 

the converter is designed to conserve and increase the heat as much 08] 

and, by preventing ebullition of the bath, to keep out any gases not n.re^jir * 

for or not caused by the deearhurisation. In this, in particular, lies tl"' 

fundamental difference between the Tropenas and all other pneumatic pi 

mechanical disturbance, gyration or ebullition of the bath is reduced to '.I" 

mini mum. In all the other processes the aim is to cause as much disturbene 

of the bath as possible, allowing the air to penetrate to every part of the ma-- 

Tropenas found this was not necessary, and that belter steel was pr< 

its omittance. The convener in general shape is similar to a Bessemer cat 

verter, the main difference being in the location and description of 1 1. 

A gowl general idea of the shape of the converter is given by the illnslriitii'"'. 

figs. 215 and 216. Fig. 215 is a ph-.lograph of the converter, and fig. lit 

shows a horizontal and vertical section, giving the disposition of the tavern 

and the approximate angle at which blowing takes place. The o|x>ratinii 

somewhat as follows: — 

The cupola practice is exactly the same as grey iron foundry practice, BXWjl 



slag hole is fixed at such a height that the necessary amount of iron 
lied iti the cupola when melted up to that height ; this is found by 
IWO 8xp«rimeuts. The requisite amount (if iron being melted, it is 
eti to the 11011 verier ami skimmed clean of sl»j_'. Tlie [h nation of the 
r is then adjuster! so that on looking through tlie tuyeres the metal 
o reach exactly to the lower edge-of the circular bottom tuyeres. It 
t run into the tuyeres ever so slightly, hut must at the name time l.e 
so that the blast entering will skim along the exact surface. At this 
j vertical axis of the converter should make an angle of from five to 
frees with the vertical. A little iron should be put in, or taken out, 
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alible is reached. Blimt from a blowing engine or rotary [Kisitive 
blower i- then turned on through the lower tuyeres only, the upper 
iftining closed at this time. The pressure is about three pounds. At 
Bflnqement, sparks and smoke are emitted from the mouth of the con- 
raUmt four minutes, if the composition of the iron is correct and i! 
incited hot in the cupola. At the end of this time, the temperature 
igen, a flame apjiears. which gradually increases in size and brilliance 
ar about ten minutes' blowing, we have what is known as the boil, 
.■w minutes this dies down considerably, and the blow remains onieseent 
ip. Then the flame increases in size once more, attains the maximum 
■.and. finally, dies down for the last time. This is the end of the blow, 
in, silicon, and manganese la'ing reduced to their lowest limit. The 
r is turned down, the blast shut off, and n weighed amount of ferro- 
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-ilium, ferro-manganese, or aili con -spicgel added to recarhtirise the steal bo tin.' 
desired point. 'i'l.i> is, properly speaking, fcfae end of the Tropenas prow m. 

Handling of the Product. — icounl of the high temperature of 

'l'i'ii|irii:i- <<■•■] ilu-ir is i; i-i -lit latitude iii its manipulation. Its freedom from 
thin, water; slag, and its great fluidity, enable it to be poured over the lip of 

the ladle, instead of having to use boM pouring ladles. This gives great 

control over oasting temperatoree and o peee h 
pouring. Il may U' curried uronnd in shanks or 
1 1 in id ladles, and ■ great number of moulds pound 
with one ladle. There is no excuse for running n 
mould short, ns the operator can always see the 
amount of steel he has in ilie ladle. 

Important Claims made for the Process. - 
I. The torm of the Imtfcom of the converter gives ■ 
greater depth in proportion to the surface area sod 
eubio contents than in miv >>ther pneumatic process, 
pre vent in;.' the distnrUinee ••! the hath "hen blowing. 
1'. The symiuutrieal position nf the tn\> in ti Erooi 
the eentre tuyere prevents anj gyrating or ohandng 
of the bath, This is directly opposed to all other 
processes, 

3. The special position of the bottom tuyeree 
during blowing, so that they are never below the - 
surface of the bath, reduces the power necessary for ~ 

blowing, as ordj enough air is introduced t ake * 

the combustion and not to support or agitate the - 
bath. 

4. The oxidati f the metalloids takes plaoe si .* 

the surface only, the cart inn I'eitiL- ti-aiisuiittedM 
from moleeiile to inoleeiile without any meohaniesK 
dist arbai ii ■<-. 

5. The addition of n second row of tuyetesi 
Km. 218, T>i>|ienivH Cn»- completely burns the CO and M produced by tln» -. 

vertar for Siirfun> Hloviing. partial combustion of curl noil I In- ili-i'niiip.,sitii'L« 

i if mi list ii re introduced with the blast, and thi ^ 
liien'iises (he temperature of the bath by radiation. 

6. Very pure steel is obtained, us I he slag and iron are not miu ■ ■ 
together, 

7. There is n minimum of waste on account of the bath being kept eni^-J 
pnrativcly quiet. 

8. Less final addition is needed on account nf the purity of the steel tum.*J 
ii- Freed fr rides. 

Chemistry of the Process.— No fuel is needed in the converter, the mel ■' 
licinp; iutriKlue.it in :i liijiiiil si-ite ami tin' subsequent increase of heat lieiaji 

brought about )iy tin bustiou of the metalloids which it is desntit 1" 

ri.'iiiiivr. Tlu.'si' rli'iiivnti are silicon, niiiii^iin.-si-, and curl nf which nHflO* 

is the most important, contributing by fur the greatest part of the umrs 

lieat. It is therefore necessary ih:u the emu posit i-m of the bath before btari&J 
shonlil he tluit which bus been found to jrive the lust results. No jNirticubi 
mention is made of sulphur and phosphorus, except to say that tliev an H 
unaffected here us in :mv other acid-lined furnace, and the content of tfacH 
elements in the finished steel will depend on how much the nieltiuj; steel. 
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jontains. The cupola mixture generally consists of low phosphorus pig-iron 
md steel scrap, consisting of runners, risers, and waste from previous heats, 
md as much as 50 per cent, of scrap may be carried successfully. They must 
>e mixed in proportions such that the analysis, after melting, will be : — 

Silicon, ..... 1*90 to 2*25 per cent. 
Manganese, .... *60 to 1*00 
Carbon, about, ... 3 






The result of low silicon is to make the blows colder, and of high silicon 
X) make the blows unduly long and increase the wear on the lining. Man- 
ganese should be kept within tfce limits specified, low manganese tending to 
nake the slag thick, and high manganese making the blow sloppy and corroding 
the lining. 

During the first period of the blow the silicon chiefly is oxidised and the 
jarbon changed from graphitic to combined. The manganese- is the most 
ictive element in the middle of the blow, being most rapidly eliminated at the 
x>il. The last period is the carbon flame, aud the indications are so plain 
Jiat it is feasible to stop the blow before all the carbon is burned out, thus 
•educing the amount of carburiser needed. In addition to these elements 
i certain amount of iron is unavoidably oxidised, and the total loss of all 
dements included is about 12 per cent. 

Converter Linings. — The converter is generally lined with an acid, that 
s, a silica lining. Successful experiments have been made with a basic or 
lolomite lining, but it has never been developed commercially. The lining may 
>e made in a variety of ways. Special shaped blocks made to fit the converter 
nay be used, or the regular standard brick shapes. This is a matter of choice, 
>ut the material must be of the highest grade silica stock, burnt at the 
kighest possible kiln temperature. They usually contain from 95 to 97 per 
«nt. of Si0 2 , and are practically free from lime and magnesia. 

Another method frequently used is to ram ground ganister around a 
collapsible form. This is probably the cheapest method. Before making the 
irst blow the converter is made white hot by means of coke or fuel oil. 



CHAPTER XXXIII. 

NOTES ON METALS OTHER THAN IRON, INTRODUCTORY 

TO ALLOYS. 

The metals themselves in a state of purity, even of commercial purity, are 
seldom used for the making of castings. That the influence of impurities or 
admixture on metals is great is a fact brought prominently forward at every 
turn of experiment and by every memory of experience. Still, the changes, 
though in many cases profound, are seldom revolutionary ; and as they are, of 
whatever magnitude, still changes in the properties of the main constituent, 
it is well to consider the properties of at least the commercially pure samples 
as preparatory to the study of alloys. In the case of iron it has already 
been indicated what a very large amount of skill and patience has been 
expended on that metal, most difficult to prepare in the pure state, to obtain 
the values for its mechanical and physical properties as a foundation for 
comparison with those of its varieties, wrought-iron, steel, cast-iron, and 
malleable cast-iron. From this point of view the properties of such metals as 
copper, zinc, tin, lead, nickel, aluminium, and silver are of interest as the 
bases of various alloys used in the cast state. A word also may be said about 
antimony, bismuth, and mercury, used to some extent in modifying alloys, if 
only for the purpose of recognising them among other metals. An extensive 
experience in determining various properties of the varieties of iron and steel 
convinces one that exact figures cannot be given even for wrought 
materials ; and, where determinations must be made on the cast material, still 
greater variations will occur in results obtained on different samples, not only 
owing to slight differences in impurities and in structure which may happen 
in the wrought condition, but also in the number and disposition of small 
blowholes, and shrinkage places (even in apparently sound material) in the 
cast state. The numbers given may, however, be taken as approximately 
correct, and more than accurate enough for general use in the foundry. 
Bands of skilled experimenters have recently been redetermining many of the 
numbers required for the tabic at the end of this chapter, and, wherever 
available, the latest work has been examined and incorporated. The enormous 
amount of work that has been expended on the determination of the figures 
in this small table can hardly be estimated. The atomic weights determined 
and redetermined, ever necessary for all analyses, are also required for the 
study of the compounds formed in alloys. The value' of specific gravity or 
weight compared with volume need hardly be pointed out to the founder who 
so frequently uses it in calculations of weights required for given castings. 
Specific heat, though less prominently useful, is interesting, say, in the 
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comparatively long time it takes to melt aluminium, considering its melting 
i"ini[. M i.-l t i i ij_r |Hii[it« come forward at every turn, and memory recalls a 
we where we naked a good inciter accustomed to hud steel bo melt one 
in-ill nf lead antimony alloy, with the passing remark, " now, keep il eoo| " - 
aiming in Inter we Found tin.' place tilli'il with ant Jtiioni.il fumes, and [lie alloy 
U ;i bright cherry red. while, as a natter of foot, a hot crucible an the floor 
melted the required charge thoroughly. The coefficient of linear expansion 
gives a measure of contraction after solidification, the electric and thermal 
conductivities being obviously useful in many special cases. 

The . i.ndiiuti vitiis for heal have the least corroboration, and those for 
dectricity arc varied so imidi by small i]iiantilie,s of impurities and changes 
if structure that the figures given must only lie taken to refer to pure metals, 
and for accurate work must be determined on the samples used. 

Copper has a very characteristic feature in its peculiar red colour, 
which, on the fibrous fracture of a sample of best tough pitch, nicked and bent 
lonble without breaking off, is a beautiful salmon pink. In similar samples 
i a it :i in in;.' increasing amounts of cuprous oxide, hriUlencss develops, and the 
racture approaches a brick -red colour. The colour of pure copper, as 
rdinarily seen, may la; said to lie the real coloured rays, as sifted out by the 
letal, mixed with a large proportion of white light reflected without change; 
nil the teal Colour is seen when the light has been reflected many times from 
lie copper, as in :l deep and narrow Oopper cup or a deep hole bored in an ingot, 
nth of which show quite a bright scarlet ; just as the ordinary yellow colour 
jF (fold becomes a bright orange under similar conditions, an in a deep goblet, 
dri plated on the inside. The specific gravity of copper determined by 

irioim workers liliercnt samples varies from H'fi to K-fl5, but for be«t 

rough t oopper 8"9 may be taken an the most probable number ; and in the 
i-t slat-.', probably, the best samples would not 1* more than 8'6\ and in 
aiie eases as low tut $'2. The melting point of copper has lieen the mihject 
. ' much research, and, quite recently, by the must skilled investigators with the 
ni'sf of apparatus. Kor many years the question of whether gold or copper 
..! ■ ii. lowlier melting point was doubtful, and gold was given at 1045° C. and 
.pper at 1050' <_!. Gradually pyrometric methods were improved, and it was 
ilso found that copper which had Ixx-n melted in the air, and had thus taken 
'1 dose of cuprous o\ide, solidilicd at 10C5° tl. ; but when pure, and 
a plumbago crucible with a layer of cul'Umaccous matter Oil the top 
t oxidation, it register.il a melting point of 1084" I.'. Copper is very 
n Im> rolled or beaten into the thinnest sheet. Being also of 
lii lie drawn into very hue wire. It Woollies hardened by tins 
t can be softened by annealing at about 1SQ0" C. It is only feebly 
"jecotues brittle at a temperature near its melting point. It is 
y volatile at ordinary alloy-making temperatures, but is said to 
t such high temperatures as thoee of the electric are or of the 
dn.^cii blowpipe. < kipper crystallises in the cubic system, and it must 
ic in mind that even the toughest sample is crystalline, although it 
•t break with a crystalline fracture. Good copper having great ductility 
- with a til irons fracture, the crystals holding together and drawing out so 
.■ fibre* seen at or near the fracture have really been formed out of groups 
itals drawn out in one direction, the materia! of the individual crystal 
^ highly ductile, and the different crystals holding together at their junc- 
I upper is susceptible to I lie deteriorating influence of small quantities 

certain impurities, such as bismuth, arsenic, antimony, and sulphur; 



while other substances, such as gold, silver, /ine, and tin afl'ect iis prnperiic.%, 
Imi iii woh a way thai tbey form valuable Beries of alloys (or industrial me* 

Tin- li'iui'-itv nf 'M-t copper is given us aUail S tfiHS, of wrought '"'Its IT tOdfl, 

iirid of wire 21! Ions |KT sjjilarc ineli. -Samples of c< el'i'i.'d wrought enp|>ei- 

tiinied to ■51)1 diameter, <ir ] sipiare ini.li in area, and 1 inch parallel, aid 
tented fur this mirk, gave a maximum stress of 211 tuns per square inch, Urn 
elongation of 21 per sent., end a reduction of area of 59 per cent. HeKiiltfe^s 
obtained by Kirkaldy From test-pieces cut Fiitin a cast in^ot me us Follows: 
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The average of three nipper castings from coiumcreial cop]>cr remcltei 

worked out nl 81 tons per smiure inch msisiii i sires.-, with un elongation 

9*9 per. ■crii. mi 2 inches. Copper is used in a nearly pure state for electrics 

castings, mid itlsn as a enlist itneiil of brasses, bronzes, German silver, hnt/ilUJK M * 
solders, mid lie:iriu<r metals (mitifrictinn alloys). 

Zinc is ii white metal, with a pale bluish -grey tint, with a high bistre on*"_^ r,n 
ii fresh fracture, which is not afl'ceted in dry air, but in ordinary damp >"~ * -1 , r 

In mes coated over with a layer of hvdrnlcd basic cai'lnmate of zinc, uliiil* ~— 

helps bo prntect the /.ine underneath from Further OC&Oa. 

Its sjiecitic gravity is about 7'1S as east, taking the mean of the results ■■ " *'.. 
various experimenters ; :i sample east and detcniiinerl by 1>. Longmulr gave ) :; 
The tneltiuir und boiling points of zinc have also been the subject of so\cral riven* • ! ' 

investigations, the former being n point strongly recommended for p\ i 

eiililiralioiis, recent results done with jrrwit care giving 4- 1 8", I lil", HH'. 121 , 
leaving 419* C. as the most probable result ; the greatest variation* ls.'inj:oiiiy«sC» - 1 
2*C. from this number. The determinations of the I polling point, not so reliable * " 
vary from 918" C. to 930* C; the mean, 925° C, may Ik- taken as not more than * * 
a few degrees from the true boiling point. At or above this teinperatnn 
then, zinc, whether covercil with u layer of charcoal or not, will give off vapour **" 
of sine which burns with a brilliant greenish flame when- it comes into SDDtaet 
with the air, forming the rloeculcnf oxide of /ine, yellow when hot, but while 
when cold, as always seen in the brass and in the German silver melting 
■hop. Thus, in melting for alloys of a given /ine content, allowance must 
be made for this loss in calculating the mixture to be used, the loss in bus 
quickest crucible-melting amounting to at least 2 11m. of /in- in I In- 100 |b& 
charge. Al ordinary temperatures zinc is brittle, and the ordinary commercial 
takes can be broken for use with a hammer. Zinc can be rolled into ritce) 
or drawn into wire between 100* C. and 150° i '.. hul al higher ten i 
over 200" G, it again becomoH brittle, Brass founders will often have noted 
that if a cake oF zinc has been laid on the furnace covers, and wanned through, 
that it will bend consider;! lily before breaking, while, if thorough! s li,,i. u ,- 
as brittle as at ordinary tcinperatmcs. The len.iriu it /iur- may I*' t* 
al .ii in ii it |,"i tons per square inch, a result representing the mean of th 
made on I he cast material. Zinc is used for galvanising, and to a tn ■ 
in a uearly pore state, for under water tittings, such as propeller 



i'ii:., tin.' object la-ho; to lessen corrosion, as zinc, being MM of tbe most highly 
electro-negatiYe of t In- common metals, protects any metal with which i1 is 
in contact j ili.-ii its protective influence does oof depend merely on tin- 
Derfaction of the coaling i.s well in evidence mi c pining the liipMnnM of 

sheet ir r steel viwii coated respectively wilh zinc (-alvaniseil hnekeL), 

tin (a Un win), and nickel (hit viK- handle liars), after being expeasd to (snap 

for some days, which makes one wish to try tin; highly polished zinc ranting 
uf the low teuiiieratiire Sherarilismg process, hi which the zinc ie applied by 
allowing commercial zinc dust to alloy with the surf tun* of the iron at ;i very 
kffl temperature (about 300' C), whicli gives a fine itiuotun instead of 

ihe rather vii)lclit appearance uf the ordinary galvanised article produced 
liy dipping into the molten /inc. Zinc i.s used for the manufacture of 
imitation bronzes, mid as a constituent, with oopper, in banes, bnan aan , 
i iiiniiiii silver, etc. 

Tin, when of great purity, has a beautiful white colour, with the Faintest 
yellowish tinge, beini: only surpassed in the purity of its white by tbe metal 
silver. It is soft, but cannot be scratched by the thumb nail, and has a 
peculiar odour when held in the band till warm. The specific gravity of tin 

in 7 - 2D as cast, and, like lead, is practically the same in the rolled Of be. r< d 

state. Its uieltinir |niint has been the subject of iinicli reeent work, as this 

Is tu k mi as Hi f the standard teinperatnres lor pyrometer calibration, and 

tlie results are must i cordant at 232° C, which in moat probably within 1" 

of the truth. Tin is highly malleable, and can be rolled into vary thin sheets 

(tin foil), hut, owing to its low tenacity, cat t he drawn into wire. Il is 

BbXjUq, jus oast, hut not elastic ; and, if nearly purr and subjected to bending, 
it emit* a curious grating noise known as the ".rv " of tin. which is supposed 

to be doe to its crystals rubbing on i anothai Tfes en is ilao plainly 

heard when tin is being pulled in the testing machine, Tin is said to !«■ 

dimorphous-, that is, to crystallise, someti b in one system, the enhie ; ami, 

under different conditions, in a second system, the tetragonal. Tin plate is 
Merely sheet iron or mild steel covered with a thin layer of tin, which 

i!i. H j -i he said to ho in tbe cant state. Its crystalline condlti MJ be 

..■i.m-.Iii out very ln'iintil'iilly hy etching the surface with hydrocblOOTQ fend 
<nd the fern-like appearance produced may lie preserved hy varnimiiiL- 
The bright surface of tin is only slightly affected by exposure to the ah", 
nil on account of it. mialterabilit; it is use,] in many domestic utensils, 
is in the so-called tin vessels and for tinning the inside of oast-iron ps4s 
mil pans. The tenacity of cast tin is a) tout 2 torn, two special tests averaging 
20 tons jut square inch maximum stress, with an elongation of 30 pa I BDt, 
mi 2 inches 

Tin, licsiiles the uses already mentioned, i- a constituent of hrnn/e-, Lvjie 
sneial-., lusihle alloys, and antifriction metals. 

Lead has a pale hi tush-grey colour, ami. when pure, i- so sort thai il can 
ted by the thumh nail, a fact which gives a rough idea of its purity, 
or. when alloyed with, say, a small proportion of antimony, it bacon 
bun the thumb nail. Tbe specific gravity of lead in it* cast state 
II-.l.j, and it seems to lie increased very little hy rolling or hammering. The 

point of lead has received much attention in recenl fears, I from 

BU to 1901 the numbers found by different methods have lain bet 

. ...id. all points considered, 327" C. may i- taken tu [he mi 
aim- within •!' C. of the truth. Lead is highly malleable, and can Is' rolled 
y thin sheets, but, owing to its Ion tenacity, cuimot be drawn into wire 
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1 " I H ■ .- ■ ■ I ..I I [Lire, nf 1. Mil Ul'lil perfectly "'lll.'ll Ililllltlli-IV'l lOgl'tlltl I 

[*ri.-isi-.| together, as by passing the lead through mils. 

Lead crystallises in lilt: cubic system, mid has the ciirinus property that 
Liu.' distorted crystals of rolled or hammered U-mi rearrange theim 
ordinary atmospheric temperatures, adjacent crystals even altering their 
orientation or direction of crystallisation sn ;is to lii.-i j rn.i-_- ona larger crystal. 
Thus, old sheet lead on roofi baa always Urge crystals, while freshly rolled 
lend has distorted crystals similar to those in roiled iron. Three test pieces, 
iviftl ui decreasing temperatures, gave on testing I '13 tons, 1'43 tons, 1*30 ions 
imrimiiwi utlCHU, with elongations of 18, 35, mid 42 per cent, on 2 inches 
respectively : while duplicates from the same cast, Inid ii»;iy mid tested three 
months later, idl gave practically the same Test, vise., I -7 tons per square inch 
and 40 per cent, of elongation. The tenacity of lend, us east, may lie taken 
at 1'5 tons per square inch, with an elongation of 36 |ier cent, on 2 inches, tlie 
average of twelve tests spoeially made, hind is easily flexible, hut is not eli.sti'-. 
Lead ill a nearly pure state is used for certain eastings. The authors have 
lively recollections of trouble with a furnace ah' valve, tlie " brasses " <>f ndi'li 
were ultimately discovered In he of this metal ! It is also used as a minor 
constituent nf brasses and bronzes und as a major constituent of certain null 
friction alloys and typo metals. 

Nickel is a white metal, with :i slight steel-grey tinge, but tnki 
brilliant polisli, owing to its colour and hardness. It is highly malleable, and. 
with its great tenacity, can be drawn into the finest wire. Its sqteeitie 
as cast, is given by Mr It. A. Iladtield (Proc. O.K., vol. exxxviii. part iv.) as 
idiinii 8'84 and forged 8'83. He bJbo records the following test o( I sample U 
cast, unaunenlcd, ;oid of about 99 per cent, purity, as elastic limit I 1 Ions ; 
maximum stress, I6J tons ; elongation per cent, on 2 inches, t! : reduction in 
area, 'Jj per cent. Its melting point is given at iila.nl 1450° C, but more work 
is required on this point, although the latest determination by Harfcer is 

1427° C. As a metal, nickel is sold in t uneree in two principal forms. (I) 

malleable rods, etc., of nickel, with tin 1 cha.riieteristic colour and high metallic 
lustre ; (2) in small dull cubes about J-incli side or in cylinders about \\ 
inches diameter by 1 inch deep, which have been formed by pressing oxide, 
mixed with charcoal or other suitable reducing agent, into these shapes in 
moulds, and then heating them in furnaces to such a temperature thai the 

oxide is reduced ti> metal. The former is nearly pure nickel, but, being ill 

more expensive, is not used for alloy-making ; tlie liest qualities' of the tatta 
yield over 98 per eent. Ni, although the pieces are brittle and may he ' i lUBed 
with a sludge. If either malleable nickel or superior alloys are to be made, 
steps must be taken for the removal of the small residue of oxygon ui the 

nickel, «s by the use of manganese in nun-iron id|r<ys ,,v of icrr :iui;,iiii>i in 

iron alloys, or of magnesium in the manufacture of malleable nickel. Tins 
last must be used with caution, as. at least on addition to u molten steel 
casting mixture, it explodes on reaching the surface, unless care is t.A<-u in 
plunge the magnesium beneath the surface of the bath of metal, 
tongs. Nickel castings are occasionally made for tlie supply of anodes, but 
the chief use of nickel in the foundry is as a constituent of Herman silver and 
of certain special nickel steels. 

Aluminium is a white metal, with a very slight bluish-grey tinge, 
not so white as tin or silver, hut whiter than /inc. Its specihe graviiv is 
about 2"65, as cast, and this is slightly increased by hammering or rolling. 
Aluminium is another of the metals, the melting [joint of which has been 
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redetermine! by many experimenters recently, and its molting point may be 

taken at about 667* C. It can be Ited with little oxidation, fi femora 

oxygen from [mint metallic oxides, but, at tbe temperature Of [ten steel, 

oudjHa very rapidly, and even reduoes that prime of reducing agents 
. rn-lniii monoxide, to carbon, the nliiuiiiiiiiiii oxidising to alumina, AI S + 3C<> = 
aLO, 4-3C. The oxide formed is "dry," utid, if in large quantities, would 

injure IIil' metal Mid must be fluxed oH'. Tin; tenacity of aluminium. ,-|„ ,-ust, 

may be taken at 5 to 7 tons par square inch, with but alighl elongation ; the 
average of three special tests for this work giving maximum stress Til tons, 
with 5-3 per cent, of elongation on 2 inches. Aluminium is largely used in 
n state of commercial purity, and also as a constituent of aluminium bronze 
and brasses. It is hardened by alloying uiih mall ■{<ipint.it ic^ of copper, nine, 
or magnesium. Considerable quantities are also consumed for adding, in 
small percentages, to molten steel, to prevent the formation of blowholes. 

Antimony in a white metal, with a pale greyish tinge. It is so brittle 
that it can easily be powdered in a mortar, For the specific gravity of 
antimony recorded results vary from trfi to 6*8, and 6'7 may be taken as a fair 
:iwra[!e. Recent accurate work puts the inciting point at G.'ill" (_'., probably 
within a few degrees of the truth, the beat results being 829* - 5 and HSU'-Ci C. 

U lull B mass of antimony of a certain degree of purity solidifies, the upper 
mtfaoe thowa B Wry marked and coarse crystalline pattern, known as the 
;i i itini'iiiy star. The metal is not affected by exposure to air at ordinary tcui- 

Eraturea, but above its melting point oxidiBca rapidly. It crystallises "in Hie 
■agonal system, it.s rhorabohedra having an angle of 87*48, aoeorcfina 

tO Ituuerman. It is Only of use as a constituent of alloy.,, chiefly typo 

i 'l and bearing or antifriction nietala. Antimony is often added to a 

omraon casting brass, in order to enable it to carry a larger •■dose " of lead, 
mil it la also a constituent of bard lead castings. 

Silver, the whitest of metals, takes a very high polish. In malleability, 
nd capability of being drawn into wire, it is only inferior to gold. It* specific 
•ravity is ltj'5, and its melting point, which lias lieeii recently thoroughly 
iivostiguted, may be taken at 962' (.'., within u very fnv. <l'ur. ■ -. i,.-, .,: 
.'-oil- Mug 962-7, 962, 961, 961'5, 961-5- Where eircunistaia'cs |iermit, its 
nosing point ia strongly recommended as a standard point for pyrometrfo 
■hbration. It must be noted, however, that in contact with air il absorbs 
oxygen, and its melting point falls to 955* C. ; hence, if used as b standard, il 
lioi.l.l be melted in a plumbago crucible, and its surface kepi covered with ■ 
Uyer of charcoal or other reducing or protecting covering 

Silver crystallises in the cubic system. At a high temperature it is 

■ ■ I - ! i . I - . yielding a green vapour, and it may be distilled by the oxybydrogon 

blowpipe, When molten silver has absorlwd oxygen it gives it of]' again 

ly on solidifying, which causes the familiar spit tine "i -diver .,ri,. r - u 

■rust has been formed on the surface. The silver solidifies quite quietly when 

alloyed with copper, as in standard silver, or when oxygen is kept away, as by 

ucl tin;; it. under charcoal or under a layer of salt or carbonate of soda It i"s 

jed by any agents in the air, excepting sulphuretted hydrogen, lis, 

which tarnishes and ultimately blackens it by the formation of the Muck 

ulj.l i.li of silver, AgjS. Pure silver is soft; but standard silver, which 

consists of 925 of pure silver alloyed with 75 parts of copper, is much harder 

tnd more durable. Silver is a constituent of hard silver solders, and, »itl. 

opper, it is alloyed with jjold to form the various carats. 

Bismuth has a characteristic greyish-white colour, with a tinge ol red, and 
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is so brittle that it can cattily be powdered in a mortar. Bismuth expands on 
solidifying, and melts at a temperature of 269° C, three recent detenmnationa 
being 268", 269°, and 270 C. It in volatile at very high temperatures, and, 
according to Baiiernian, it cryataUiaea in the hexagonal system as rhonilw- 
hedra, which, having an aii^le of ,S7°'4U, are easily mistaken for cubes. It is 
chiefly employed us ii constituent of fusitile mab&lfi, ami sometimes to the extent 
of from ] to I per cent, in certain bearing metals. 

Mercury.— In a stuck of metals, mercury is prominent as being the only 
one liquid at ordinary temperatures. It lias a silver-white colour, and, when 
pure, a very high lustre. The pan metal does not " touch " glass ; so, 
when a small quantity is placed on a ghuts surface, globules run freely over 
the surface with tin- slightest disturbance, hence ita old name of quick-silver. 
If the mercury contains base metals as an impurity, then the globules, instead 
of being nearly spherical as they move over the jilass. seem t<> hold to the glass 
and leave a tail. It freezes at — 39" ('., and is theu malleable. It crystal- 
lises in the cubic system in the form of octahedra ; and the specific gravity of 
the liquid, which has been determined with great care, is 13*596, that of the 
solid being 14*4. Mercury is volatile at all ordinary temperatures of the air^ 
and Iwils at 350° C Mercury unites or alloys with many of the cominorfc 
metals ; an alloy of two or mure metals, of which mercury IB a promiiieut con 

stituent, is known as an amalgam. Added in small quantities to certaii 

fusible alloys it forms an alloy of much lower melting point. 
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CHAPTER XXXIV. 



ALLOYS. 



Metals, other than iron, have been dealt with in the preceding chapter, and 
the properties there given form a necessary foundation for a study of alloys. 
At the outset some definition of a metallic alloy ought to be given, and the 
nearest to our purpose is that included in the " Nomenclature of Metallo- 
graphy," which reads as follows : — 

" An alloy is a substance possessing the general physical properties of a 
metal, but consisting of two or more ruetals or of metals with non-metallic 
Indies in intimate mixture, solution, or combination with one another, forming, 
when melted, a homogeneous fluid." 

Foundry alloys are produced by fusion of the constituent metals either in 
crucible or reverberatory furnaces. 

Having decided the composition, the first essential is that of accurate 
weighing of the constituents entering the alloy ; the second essential is that 
undue oxidation must be prevented ; whilst the third lies in the fact that any 
changes taking place during melting must be allowed for, if exact compositions 
are required. Generally speaking, industrial alloys in which copper is an 
essential constituent may be divided into three groups— (1) brasses, (2) gun- 
metals, (3) bronzes. 

Ordinary Brasses. — The term brass is applied, in foundry practice, to 
those alloys in which copper and zinc are the essential constituents. In 
composition, brasses range from 90 to 35 per cent, copper and from 10 to 65 
per cent. zinc. Between these proportions a range of colour from coppery red 
to light yellow is obtained and also wide ranges of mechanical properties and of 
cost of production. Thus, the higher the content of copper the greater the 
cost of production, and there is therefore a natural tendency to keep the con- 
tent of zinc at the highest possible limit consistent witli the colour, or the 
mechanical properties required. The following tests by the authors illustrate 
the range in mechanical properties : — 
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The foregoing tests each represent the mean of several determinations 
from bars cast in sand under normal foundry conditions. The value of alloy- 
ing is shown by comparing the results obtained from metallic copper and metallic 
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rina with those from the throe brasses. 
alone, baa a tenacity 
to the extent of 40 ji 
time possessing .1 tali 




TIhi.s. the brittle metal zinc which, 
I A iihjm ] t i'v s. 1 1 tun- inch, yields, when added to copper 

an alloy of high tensile strength and at the same 
of ductility. It will lie noted thai from 36 t'» 

411 percent. "ue, - -i-.-.ise In maximum stress is ussfn-inti-il with a itistiin:L 

full in extensibility. E\ ling 10 per cent, zinc, maximum stress andL_ 

extensibility fall together. Common muting brasses may contain 50 per cent 

/in.-, but tin 1 reuniting alloy is decidedly light or pale yellow in colour, and itt=? 
mechanical properties arc low. As the content of zinc exceeds 50 per cent 
.I'-.-i-iivr l.i-iiileiiess is evidenced, and with Further increase of sine the yellon ■ * 
lint is replaced by grey or while. Still, keeping to the legitimat' 
reil or yellow colour, the following compositions show the variations !■»: ■ 
in practice: — 





OrmoTvi or ■> * *r . ■ 
JeTll.ti |»'»™bM"»1- 


Knv'li-ili 
S milliard Brass. 


MuntxMeUl. 


Sbb, .' '. '. '. 


Per ceat. Per cent. 
UO 90 to SO 
10 1 10 to 20 


Per cent. 
70 
30 


For cent. 
SO 



Thesa are essentially siuid-casting alleys, althoiigh sheet and wire •■ 
verge on that described as English standard la-ass. Ormolu is largely en * '! 
ployed for artistic castings, which, after hulling or burnishing, yield 1 ih " 
copper red colour. ,\ typical yellow iiimr is olitaincd from the s 



standaiw ' "' 



brass, whilst a lighter yellow 

mental point 1 if view, these 1 



( obtained from (he Mnnt/ Mm 



of SI 



From a 



I sho 



el.he 






"fl- 



or, in ether words, a high 
1 inijjctrt'Viit class of cupper /i 



and permit of 

et&l is i-liietly cast int^ 
sed on to copper pipesse^* 
hat of brazing soldei — "" 
;inc alloy of compare '" 
ntent of Kinc. Theser 
alloys, are only rarely" 



lively tow melting poll 

solders, whilst forming 

made in brass foundries. (_' position ranges from 60 to 34 percent, copper nnJ 

from 10 to 66 per cent. rinO ; they arc granulated by pouring through I tiers 
into water, a fall of 10 feet before reaching the water giving very unifnrm shut. 

Special brasses are copper-zinc alloys, the properties of which are modified 
by the presence of a third or fourth element. Of these elements the most 
noteworthy are lead, tin, iron, aluminium, and manganese. Lead added te n 
brass makes it "sweeter" to machine, that is, the turnings chip off, instead of 
curling round and clogging up the tool. With an ordinary yellow metal ■ 
limit is found at about fi per cent, of load ; and even with this amount. If the 

castings are heavy, the lead will tend to liquate, that is, during ■ ling bbc 

lead will collect in the heavier portions of the casting, or, if of equal section, 
it will gather at the bottom of the easting, A trace of antimony added bo ■ 
yellow brass will enable it to "carry" lead with less fear of liquation. 

Lend, as noted, is of much assistance in enabling the alloys to lie machined 
at a higher speed; it also lessen- the cost of production, but lowers the 
mechanical properties, and, when exceeding 1 per cent, has a marked 
deleterious effect on maximum stress and elongation. Lead should newr l» 
present in varieties of brass known us dipping metal, that is, ornamental 
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castings which are treated in " aqua fortis." If present under Booh conditions 
dish-uriug iil;n-k stains result after dipping. 

(if lli'' remaining elements, tin. iron, aluminium, and manganese, when 
individually or collectively present in small amounts, have the effect of 
considerably raising the mechanical properties. Taking their fodiridual eSeo) 
tirst, it will lw necessary to examine them in conjunction with the influence 
of zinc on copjier. us shown in the tests already given. These tests show that » 
content of H6 per cent, sine gives a maximum stress of 13 bras per square inch, 
mil an i'Ii >iiL';it inn of l;i [M'i- cent, on 2 inches : whilst 40 per cent, line gives 
a maximum stress of 19 kins and an elongation of 15 per cent. The latter 

:ill"v is. therefore, a good has which to lest the effect of other elements 

in that it yields the highest maximum stress of the copper-zinc series. If to 
the alloy H per oent. iron be added, nine U'iug reduced accordingly, maximum 
stress will increase from 19 to 2.1 tons and elongation fmm IS to between 30 
and 21 percent. It may be noted that the iron must lie alloyed with the 
Copper and sine and not he present KB free iron. The effect of aluminium on 
Idyll /iin: idlnys is ;ii (lie Iji'M erratic ; but ignoring variations mi far us pnssiM'-, 
annage results obtained l>y adding 0-5 per cent, aluminium to an nlluy of 
ill) |h ■!■ 1 1 ni. cupper anil 395 per cent, zinc, are as follows : — 

Ma\imum stress, 30 tons per square inch : elongation, '2'2 per cent, on 2 

inch™. Average testa of an alloy containing 1*5 per cent, manganese, 60 

per cent, copper, and 3B'5 per cent, zinc, are, maximum stress 22 to 24 tons 

inch, and elongation from 25 to 30 per cent, on 2 inches. Tin 

ir n tents up tn 1 |ier cent, increases tensile strength, Dot beyond this limit 

ineeliiiiiieiil pro|ierties begin to fall. All average test for an alloy eniihimmu 

ns per cent, tin, 60 per cent, copper, and 39-2 per cent, tine is maximum 

-tress *_'() tons, mid cloiigution 2~> percent, on 2 inches. 

In cither words, the foregoing may be given as follows: — Iron and tin 
siifli-it it brass ivlien present in small amounts; aluminium anil imiiii^iiimn' 
icive ;i similar effect, lint, further than tins, possess the virtue of acting as 
Hiwerful deoxidising agents. In this respect it must U> noted that line is in 
tself ii ileii\ii|isiiig agent, but its activity is considerably less than that of 

1'iiiiitii'ini or manganese. 

The following compositions show a series of copper-zinc alloys cnihodviiig 
-jane of the features noted : — 



b, 



Tin. 




i u' iliese c posit inns i be eoimuoii casting brass is typical of the ordinary 

yafloa metal casting; sterro metal shows n type of alloy with iron as an 
.-Miitial constituent, whilst the naval brass represents a genuine brass with n 
small amount of tin present. Both sterro and naval brass are extremely 
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1, as they resist corrosion remarkably well, arc largely used in 
marine work for nnder-watcr fitting. However, chief interest is found in 

the manganese bronze, which would be more correctly termed nganee* 

brass, though by trade usage we are compelled to adopt the word bronze. As 

"ill be seen, (hi- alloy n in one sense a combinati f rtewo, rami, and 

aluminium brass phu nanganeae. In many ways manganese laou,'..- ai. 
remarkable alloys, for a maximum sirens <>f 'Jt* tons per sipiare inch, with an 
elongation of 30 per cent, on 2 inches, is an average commercial tost. 

For sand eastings, and alwolutely untreated, it will lie readily granted that 
the fori >g< ling ligures are good, and their value is further empluurised by the 
fact that thry are typical of many ions of commercial easting*. Notwith- 
standing this, we have met with many founders who have failed to obtain 
teste a! all approaching these values, a failure due entirely to the mm 

reeognitj f chemical changes takim; place during Iting and also tfl the 

alloy being caal imdet nnauitahle conditions. In glancing over the two 
compositions of manganese bronze, it will be noted that one of them oemtein* 
no manganese, and this represents an alloy which, in our bands, yielded 
excellent mechanical properties. In point of fact, we have examined many 
manganese bronzes absolutely destitute of manganese and yet exeellent alloys. 
So long as the manganese docs its work eliieieiilly it is inunuterial wliutUBt am 

remains in the final alloy. The particular work of manganese is of a two-fold 

diameter : tirst. as a rleausiug or sea vetiirin^ agent : ami, second, as an aid in 
promoting the alloying of the iron with the remaining constituents. Aluuiiiiiura 
should not. fall below 0"8 per cent. ; iron shoulil Iw; in the near vicinity of la 
pet cent ; tin between (1-7 anil [-0 per cent. : with zinc not less 1 1 .an :i* jiereeiu. 
in the liual alloy for casting in Band moulds. Forging alloys are slightk 
different, but with these we have, at present, no concern. 

Iron and manganese may be added by means of ferro-manganese, » Im.-li i- — 
I lie uBUaJ plan ; or they may he introduced separately, as metallic iron and M 
metallic manganese, or eu pro- manganese may I* used. In calculating a^R 
I'hal-L" 1 it is necessary to know the analyses of the available materials, ami llifis* i 
proceed by the method already given for calculating mixtures. 

llefnre leaving hrasses a brief reference must he made to what are known « 
Bfl "white brasses." These alloys, containing over 60 per cent, tine, are ijn»- 
too brittle for ordinary commercial work : hut, where hrittleocss is iinmateriiil K 
they linil an industrial application in the easting of ornaments, -i i 

Fancy buttons, mid so forth. Such eastings maj he in --.-11"! or cliill d IdaaaH 

and, owing to the repetitive character of the work, the latter type of 1 
is usually employed. 

Compositions range as follows: — 





1 


2 3 ' 


Coupfr, 

ZiaoV .... 


Per cent, 
4ft 
00 


I'M ceut. IVi 11111. 
•JO 10 
80 00 : 






The eastings are artificially bronzed, and 11 series ot 
olive L-ii'i'ii to chocolate, may be readily obtained. 

Gun-Metals.— I hider this general heading are inchi 
eonper tin zinc alloys, all known as giui-iiietals. a term the 



<d copper-tin uri 
irigUI of « lucli i- 



r, but cupper alloy g have long been superseded by steel for ordnance, 
a only guns how made of them iiri> small decorative camion for yachts, 
alter of passing interest, it may be noted that one of the authors at one 
orked in & brass foundry in which a aeries of moulding -boxes, known 
len as gun-boxen, had survived. 

writing of alloys, it is the usual custom to give considerable space tn 
pel-tin series, which would be of value if this series had any application. 
atter of fact, copper-tin alloys are hardly used in practice, the nearest 
-li being found in phosphor bronze, which, however, represents eupper- 
!•■ traces of phosphorus. In an extensive practice the only genuine 
tin alloy we have used is found in bell metal, an alloy in winch "tone" 
ihief requirement. The Admiralty requirements for ships' bells are 5 
ler to 1 of tin, or copper 83*3 per cent., tin 16'7 per cent, 
s alloy casta well, presents a good appearance when turned up, and 
good clear tone. A trace of phosphorus in the form of phosphor tin 

■ added just before casting ; or the alloy may he made up from copper 
cent., tin 17 per cent,, yellow brass 1 per cent. 

der such conditions the zinc of the yellow brass will, to some extent, 
i deoridiser. Gong metal approximates 80 per cent, copper and 30 per 
li, a composition which represents the highest content of tin in the beuV 
Berlee, Speculum metal is white in colour, brittle in properties, and 
of a very high polish. Its application is, however, exceedingly limited, 

■ the greater part these alloys have lieen replaced by glass. A general 
ition is 67 per cent, copper and 33 per cent, tin ; [loss's alloy eon- 

682 1 per cent, copper and 31'7i) p'U cent. tin. Whilst the cop|>er-tin 

ire, in a foundry sense, of limited application, tins by no means applies 
copper- tin-zinc series, which find an application in, practically, every 
of engineering. All modern gun-metals contain zinc in amounts 
; from 1 A per cent, upwards, the addition of this zinc not only giving 
ess or life to the fluid alloy, hut also, by virtne of its deoxidising 
■ies, leading to the production of sounder eastings, 
reo types of high quality gnu-metals are as follows: — 






> 


2 ; 3 






Copper. 

ziM, ; 


Per cent. 
83 
10 
2 


Per cent. ' Per cent. 
88 87 
10 1 S 
4 5 


the 
t, air- 
e like 


orm of castings these alloys are used for high-pr 

and water-pumps, engine and machine details, boile 

Typical tests obtained by the authors arc as follow 


nun steam 
mountings, 




So. 


Maximum Stress. 
Tom per square inr-li. 


Eli'iiiwtiuii per cent, 
on 'i inches. 




1 
2 
3 


18'0 
17-0 
15-0 


It 
10'S 
9-0 
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'flic Arliiiirulty specification for No. 1 ia a maximum stress of 14 tons per 
square inch and an extension of at least 7 per cent on 2 inches. The Eon 
going testa, which re piwon l an average of many, show very little difference, 
mil it i* • iiii't iimi will, careful outing Nos 3 om I".' made bo gi»>- ttty 

similar tension result* t-i tin' me obtained fr No. I, a remark also applicable 

to Btauo of hydraulic testa, No. 3 ia the leaal costly at the lariea, and tas 

decidedly easier to treat in machine or finishing shop than the comparatively 
hard alloy No. I. The highest and lowest tests obtained by the authors frou » 
some hundreds of experiments on composition No. 1 are as follows : — 





Minimum Stress. Elongation On 
Tons per square inch. 2 inches. 


Highest, . , . . 
Lowest 


20.-0 
8-5 


37 



,liW- T 



This wide range of variation emphasise* the care necessary when the li 
residts are required, for though only obtained from one type of alloy, simili! 
variations have been obtained from most of the industrial alloys. 

The gun-metals given represent high quality, and, therefore, costly types ^^»- 
Typical compositions of ordinary commercial fiun-uietals are included in the 'f'? 
following table. Nos. 1 and 2 represent the usual run of alloys for valvt 
engine and boiler fittings, hut not fittings used in conjunction with higsl 
pressure boilers or high-speed engines. Nos. 3 and 4 represent cheaper type" 
of gun-metal in which outside scrap enters largely into the com position. 



No. 


Copper. 


Tin. 


Zinc. 


Lead. 


Merchant 




Per cent. 


Parent, 


Per cent. 


Per cent. 




80 


4 


10 


6 




2 


80 


6 


a 







3 


70 






4 


18 


4 


Sfi 


S 






40 



As with brasses, the addition of lead to a gun-n 
turning. Merchant scrap is a variable factor, and previ 
lie sorted s>> far as jiossible into uniform grades. 

Bearing Brasses. — Solid bearings are being largely replaced by n bs Jw 
lined with antifriction metal. When a copper-tin alloy is used as 
brass, its composition will vary between the following limits :- 

Copper fr 88 to 82 per cent. 



sttiuer 84 per cent., tin 1 2 iwr cen t , and one ' 



bearing bnuna of phosphor bronn yield battel rwultj ih*n an obtained 
from copper-tin alloys. 

The increase in hardness, following an increase in the content of tin, 
is algo associated with u decisive increase in brittleness. Only in the case of 
licariug brasses is it urlvisiible to exceed a content of 10 per cent, lin, g 
Feature illustrated in the following table:— 



Analysis. 


Muininm Stress. 
Tons per square inch. 




Copper. Tin. 


Zinc. 


dd 2 inches. 


85 13 9 


ir» 


1-5 



These results. representing the avenge of six specially conducted tests, 

are of importance in view of the fact that gun-tnctals art 1 often stated to 
contain 16 per cent. tin. .Such a composition would be far too brittle for 
the purpose to which gun-metal is usually applied j it is, in fact, a Ml 
metal. 

Bronzes. — Manganese bronze., so called, has already been dealt with. The 
next most familiar member of this group is phosphor bronze, an alloy which 
may be produced in various grades, possessing many valuable properties. 
Two typical grades are as follows : — 





Ordinary. 


Hard. 


Phosphorus, 


BO-0 
9-6 
0-4 


88 -5 
10-5 
10 



he hard grade is used, in foundry practice, for casting pinions, spur and 
i'l wheels, slide valves and bearing brasses. The ordinary grade is ex- 
■.■iiMvi.'lv used for various machine and en in lie details, and also for heavy 
^JS tings, such as the rain and stern fittings of a cruiser. A large series of tests 
»f the ordinary grade have yielded results varying between the following 
iniits: — Maximum stress, lowest. 12'5 tons; highest, 2G"2 tons per tujuare 
• icb : elongation [XT cent, on 6 inches— lowest. 5'0 ; highest, 51 - 0. 

The usual specification for castings of this grade is a maximum stress of 
17 tons per square inch and an elongation of 15 per cent, on 6 inches. A 
■ - imparison of the lowest and highest tests obtained by the authors is of much 
tcrest in showing the range of properties in an alloy of constant chemical 
Composition, and, incidentally, as illustrating the importance of careful milt 
Wig and casting. It may tie added that the series for which the fun -"ini: 
extreme tests were taken represent sand castings tested in the condition 
"aacaat." 

A-> the amount of phosphorus increasev bevaid 0-5 per cent., ductility 
decrease*, whilst hardness and brittleness increase. For a hard type of 
broute 1 per cent, phosphorus is a suitable limit, but where extreme hardness 
in required 1 J per cent, may lie added. Exceeding 2 per cent, phoapboi u-. 
the alloys, owing to their hrittletiess, become useless for castings, It will l.e 
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uoted that the forcgomt: alloys upproyiitiati 1 '.10 per cent, copper and 10 per 
cent, tin, corresponding to the old gun- metal formula. Sound copper-tin 
alloys may lie produced by the aid of phosphorus, sufficient being added to 
remove the oxygen absorbed by the copper and tin, and leaving only ;i trace 
of phosphorus in the final alloy. 

Another ly|M' of pliMsphor bronze represents one in which lead is present 
in considerable quantity. Such alloys are used for hearing brasses in this 
country and in America. In the latter case the alleys are chiefly used in the 
form of car brasses. A typical percentage composition in: — Copper, 79-7: 
tin, 10-0 ; lead, 95 ; phosphorus, 0'8. 

The addition of phosphorus is made by means of phosphor- copper or 
phosphor- tin, containing respectively l- r ) per cent, and 5 per cent. phosphorus 
Sti.'k phosphorus is extremely difficult, arid somewhat dangerous to handle, 
owing to its inflammability in air. 

Aluminium Bronzes.- The most nenenil composition is copper 90 per 
cent, and aluminium 10 per cent., an alloy discovered and investigated bj 
Dr. Percy. For some reason these alloys have not met with a very wide 
industrial application, probably owing to the fact that their properties ha to 
not lieen systematically investigated. From the compositiou given, we hive 
obtained results varying as follows: — Maximum stress, 18 to 26 tons pa 
square inch ; elongation, 2 to 18 per cent, on 2 inches. 

These represent untreated sand castings, but we hope in the future to 
supplement them by others obtained from a more exhaustive investigation 
Finally, although there are many special easting bronzes, on the market, it 
will be found that the majority of them approximate to 60 copper and 40 rim\ 
specially deoxidised and stiffened up in a similar manner to that of tlie 
manganese hronze. This type of bronze is certainly the beet »e have handlf!- 
and, provided careful treatment is given, the resulting castings may Ik' roii'l'' 
to yield excellent mechanical properties. 

German Silver.— (.If remaining alloys only two groups call for note in * 
work devoted to foundry practice, and the first group is found in the copper- 
iiickel-j.il a: alloys, commercially known as lierniaii silver. Essentially the)' a" 
copper-zinc alloys whitened by the addition of nickel, and the range 
composition is as follows : — 



No. 


Copper. 


■* 


Nickel. 




Pur cent. 


Per cent. 


Per cent. 


1 


63 


32 


5 


9 


M 


26 


8 


3 


62 


28 


10 




50 


32 


18 


6 


62 


23 


15 





65 


20 


15 


7 


67 


14 


19 


S 


80 


20 


20 



Of these compositions No. 8 is recommended for colour and In** 
General!)' speaking, the higher the content of nickel the better the appeara'"-' 0, 
as also the greater the cost of the alloy. Lead and iron are soincliin'" 
present, though not advisable, in (ieniian silver castingB. Types of S 
alloys are as follows : — 
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No. 


Copper. 
Per cent. 


Zinc. 


Nickel. 


Lead. 


Iron. 


i 


Per cent. 


Per cent. 


Per cent. 


Per cent. 


1 


48 


32 


15 


5 


• • • 


2 


57 


30 


10 


3 


• • • 


3 


60 


28 


10 


• • • 


2 


4 


56 


32 


11 


• • • 


1 



325 



In making up German silver, cost and colour are the ruling factors, and the 
content of nickel is regulated by these factors. Apart from these, a feature 
not shown in the foregoing compositions lies in the fact that the nickel must 
be deoxidised, and this is effected by manganese either in the ferro or cupro 
form. Zinc will deoxidise copper, but it will not remove the oxygen present 
in nickel ; hence the necessity for manganese. 

White or Antifriction Metals. — The second group of alloys consists of the 
white or antifriction metals which have often to be made up in the brass- 
foundry. These alloys are extensively used for lining the bearing surfaces 
of brass, steel, or iron bushes. Before lining, the inner surfaces of the bushes 
are cleaned by sand blast or acid pickle, and then tinned in order to ensure a 
better contact of the lining metal. The thickness of the lining varies from 
^ inch to \ inch, and lining is effected by running the metal into the space 
left by the insertion of a sheet iron core into the bush. The diameter of this 
core or mandril is less than that of the finished bearing, in order to allow 
material for machining up to size. The white metal is maintained in a molten 
condition in a cast-iron pot fired from the bottom, and is ladled out as 
i-equired. Three types of high quality white metal are found in the following 
'table : — 



No. 


1 
Copper. | Tin. 

I 


Antimony. 


1 
2 
3 


Per cent. 
5*5 
7*0 
8-5 


Per cent. 
86*0 
85*0 
83-0 


Per cent. 
8*5 
8*0 
8*5 



These compositions vary only slightly, but they may be taken as represent- 
l **g the highest quality Babbit metals. The following compositions represent 
*^ss costly types of white metals, the content of tin being the governing factor 
a ^ regards cost : — 



No. 


Copper. 


Tin. 


Antimony. 


Lead. 
Per cent. 


Zinc. 




Per cent. 


Per cent. 


Per cent. 


Per cent. 


4 


9 


73 


18 


• • ■ 


• • • 


5 


3 


53 


10 


33 


1 


6 


• • • 


40 


6 


54 


• • • 


7 


5 


a • • 


10 


• • * 


85 


8 


4 


19 


3 


5 


69 


9 


... 


• • • 


16 


84 


• a • 
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These compositions are simply given to show the range, and ue i 

necessarily recommended. Where Nos. 1, 2. or :'• arc t 'i.stly. then the 1—. 

substitute is found in lead-antimony alloy of the type shown iii So. 9, ffhicfeiM 

sometimes made with tin- addition Hi' -1 in 'i |Ht L-i'iii. (if till, I i ■.■■ 

tenths per cent, of bismuth, in place of a pud hi it "i the lead. 

It is ivrll kiiuMn [hut Ir.-nl mill i'n|ip.T alum' "ill not alloy, v! if tht I 11 

metals i-iii) be made to alloy mi antifriction uiL'tlll results, which Fur lllilllMll 

purposes is ideal. In Dili own efforts in this direetiiui, we have taken advaiit**^, 

of the carrying power -if antimony, and acliieccd successful results. All hi Hi- 

iiiiniiiil lead, containing 7 per cent, antimony, is tirst made; 28 pec cent 

(his is added to 7 J per cent, copper, and the resulting casting-, six.w Lin scgr< ■-.> 

lion. It is advisable to remelt the alloy before pouring into b sand mould. 

An alloy used in tin- form of cast rings For piston-rod packis 
follow* : 



Tin. Leiwi. ' Alltilin.ny. 


Arsenic 


21 


Per cent. 1 Per cut 
69 0-5 


o-;. 






The arsenic is added in the form of white oxide mi'.cd w it!i charcoal. 

Some typos of antifriction metals contain graphite, ami we have liwrd 

theorists gravely discuss the extraordinary [iliei lenon of I In- | h.'sh 'ii.-i' ui ii" 

carbon in tin-lead alloy, but the tact is that the graphite is added to the »D*! 
after its production. Thus, an alloy of 13 ]>er cent, tin, o'i per cent, lcnd,w»l 

1 per ei'iit. atiti V is I le and caul into blocks. These blocks are inii'iiii ||,i 

into thin shavings, and tic -havings, when mechanically mixed with rU^BX 
and graphite, are used for packing purposes. 

Many of the metals considered in the foregoing as constituents ■ i nil". 1 '- 
are at times required in the form of castings. Thus, lead and antimony In H* 
form of castings are used for certain purposes in chemiea! works. Making 
moulds, and melting the metal for such castings, otiers im difficulty, I'"' 
Subsequent handling does. Thus, lead is easily distorted, and antimon] » 
exceedingly fragile. Acid pumps of metallic antimony, even thoii-b 
are 1 inch thick and the flanges -1 inches, are difficult to dress without break- 
age, and the greatest care is therefore required after i-astiug. I'oppei 
are often required, and the majority of them represent copper /•'«• :l or 1 f* 
cent, of zinc Sound castings of metallic copper can be made ' . 
ling the absorption of copper oxide. Nickel castings are also ii ■ , 
times, and here the problem is entirely one of eliminating oxygen, "■ 
aspect of oxidation is hardly germane to this chapter, but is fully <li>' h--'' 
later. 

Castings of tin do not call for special iiuiuoent ; but, when the I 

is used, then tin' i dds must readily admit of free contraction. The l*W 

remark is also applicable to aluminium castings. With metallic itl niiiiuiuim 

manganese bronze, and phosphor bronze, fairly large L'ates are nec< 

order to obtain castings free from pin holes or draw.. If the oastii 

ail massive these runners should lie supplemented by feeding beads i 

the heavy portions. With metallic aluminium, aluminium alloy or brenw. 

and manganese bronze, much cleaner eastings are obtained ly the use of pin; 
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leads, which consist of a dry sand or loam reservoir with a cast-iron plug fitted 
nto the runner. The head is tilled with metal, the plug withdrawn, and a 
on s taut level maintained by the ladle until the mould is Hiled. Bj this 
precaution no dirt or (aide eaten the mould, and extremely clean castings 
BBUlt. 

It may lie noted that alloying ill tin- OHM "I" aluminium is chiefly followed 
.itli ,1 view to raising its tensile strength, but. if canned too far. the -peeud 
irtne of low speeiltc gravity is lost. These stiU'cniug agents are found in 
opper hi contents up to 5 per cent., or in zinc in amounts u]i to 10 per cent. 

Method of Making Alloys. As already noted, foundry alloys are produced 
ly fusion of the constituent metals. Many foundries |.nnvha>e alloys in ingot 
onn, and in such eases the process of melting for castings is one of simple 
usion either iti crucible or air furnace, when any loss taking place during 
netting must tie made good liefoiv drawing ur tapping. This loss i.s chiefly 
gunned bo zinc, ami in everyday practice ire bave found an allowance of 28 
ttr cent, fairly sale ; that is -5 per cent, of the zinc contents of the alloy, and 
lot 25 per cent, of the weight of the alloy, tirass castings arc sometimes 
produced by simply inciting outside, or merchant scrap. In this case the 
;erap as it comes in is carefully sorted into grades, and examined for iron or 
iteil holts, studs, etc., which must he removed before melting. Uerotuuri 
icrap is necessarily of a varied character, ami. even with the beet of nice, is 
ikely to lead to erratic results. By far the liest plan is to molt it in [argfl 
'..■i'jKt- in an air furnace anil east into ingots. An analysis will then give the 
■■.ail composition, and, when renielting for casting, any desired alteration can 
-■ mad..'. This plan is also a good one fur dealing with Imriugs and turnings. 

When using new metals, a plan we personally prefer, the usual practice i- 
.. el 1. 1 rue the metal uf highest melting point tirst, and, on its partial fusion, to 
dd the remaining constituents in their order of fusibility, any volatile one, 
OOfl as zinc, being left to the last. The heat is then raised to a good casting 
i at, the alloy well stirred and east. When krge ipiantities of an alloy an: 
eijiiired, and an air furnace is not available, the cupola furnace may tie used. 
ud-r Mich conditions the copper only is passed through the cupola, which 
unst be blown with a soft blast, that is, from 4 to 6 ounces (according to 
Unieter). The molten copper is collected in a ladle, and the weighed 
mounts of rino and tin added In the solid form. The contents of the ladle 
hould lie well stirred, hut in a 5- or 10-ton ladle this is easier said than 
one. A plan wo bave found of value lies in sticking a small potato on a 
jrked iron rod, and holding it for a minute at the bottom of the ladle. 

'In' resulting agitation ellicieully mixes tin' contents of the ladle. 

When melting in either erucihlc or air furnace, liberal coverings of charcoal 
lonld I-- used as a measure of protection from oxidation. It may lie noted 
■at in brass or gun-metal melting lids are rarely used on the crucibles, hence 
ic greater need for a ebarcoal covering. The la>st tpiulity of alloys are 
Iwavs produced without fluxes, and extensive e\|>enments in this direction 
re not at all favourable lo the use of any type uf Mux during melting. A 
no.ll amount of phosphor copper, phosphor tin, or cu pm- manganese may with 
ivanla^'e be ndfled In all cop|ier alloys of low zinc content i mined lately before 

usting. Such additions should not o.v-ceed O'l per cunt, phosphorus, or 0'2 

rcent. manganese. 
A distinction has already been drawn betw-eeu iron present in a free state 
>d iron alloyed with the constituents of an alloy. Free iron simply represents 
on mechanically trapped in the alloy, that is, it has accidentally entered the 
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crucible, and never been liquefied. As these specks of iron are objectionable 
and sufficient to condemn a casting, every care should be taken to prevent 
their presence. This necessitates careful use of stirring bars and skimmers, 
and a point of interest is found in the fact that iron bars or skimmers are 
better than steel ones. A coat of blackwash is always good in preventing the 
taking up of iron. After black-washing, the bar should, of course, be dried. 
All borings or turnings before melting should be passed through a magnetic 
separator in order to remove iron. If a crucible of brass containing free iron 
is allowed to stand, it will be noticed that the iron floats to the surface and 
sparks ; advantage may be taken of this by squeezing a swab over the surface, 
and then skimming, a treatment which will remove some of the iron. 




icai, tcistn arc applied to castings for a variety of reasons, lint always 
tempt to obtain a measure of their qualities. Tlie ideal test must 
e behaviour in the work for which they are intended ; but again, in 
nil v. hb, indeed, in most other places, (he ideal is hut seldom attainable, 
h that i • no reason why the educative effect of viewing it should be 
This is strikingly enforced in those rare cases where even mild forged 
ich as boiler plate, has passed ordinary mechanical tests to prove it.-. 
f, and yet has broken in an exceedingly brittle fashion in use. Si mu- 
lt the mechanics] teste showed the steal to be good, and yet, having 
. ihow any faults in the design <>f the Isiiler, they can hardly hope to 

in convincing the owner nf the burst boiler that their ideas are correct. 
orged steels these cases are comparatively rare, but in eastings the 
y often arises of a sample standing the tensile, and (tiling Under the 
it, or passing a satisfactory drop test, but not reaching re<|uiremi-uls 
he tensile. These matters are mentioned to impress the point thai 

following the apparent teachings of the results of ordinary mechanical 
»y readily lead to dangerous practices ; and that, if poanhw, these tests 
always be supph-nierited by the results of trials in use in-fore very 
changes are made in situations where failure would produce diaaatrWia 

I 'listings are souietiiues produced which give ti-nsile tests a It mist equal 
ngs, and the claim has been made that this proves their cifinl suit 
for almost any and every purpose ; hut as he who reootnateadi eitbei 
casting for work in which either is likely to fail is their enemy, it is 
remember that, although sui-h tests may jurint to n.w uses, it is odvis 
have the results of actual behaviour in work before en, inn king largely 
ew scheme; for, frequently, the different interna! arehitcctui' of tin- 
has prevented it continuing in use whs) the tat 
d to indicate. Nevertheless, in the great majority of oases, tn ahanlca] 
implemented for special service, by chemicaJ and even uiierographic 
a, are successfully relied upon in the making and in [In- selecting of 
i for given purposes. 

mictunes divided into test and i -test eastings, tin latter 

.'ing somewhat of a misnomer; for, under thin bead raU 

those which are subjected only to some rough t> 
certain height on to an iron plate. 

am and Water Tests.— Apart front the drop test, the only test which 

e behaviour of the casting aa a "boh- is the steam or tfas water tent. 

320 



GENERAL FOUNDRY PRACTICE 

In its simplest aspect this test consist.- in oloring all outlets and filling -*h* 
OUting with steam t» water under |it-i'ssut'c. 1'ivssinvs vary according '" 

specification. Thus, oast-iron hai often to meet 500 lbs. water pressure, ^a"Jwl 
steam and boiler fittings in gun-metal may have to pan a teal o! l 1 "" 

lbs. Water prc-.-nri-. Am leakage i.>r sw"„|ini; :t1 tin' s[>ecihcd j i iv sill re c^*-X>- 
demos llii' casting. \\ Iiitc n Steam nr water test is Sheeitied, tin' whole of *>«' 

castings undergo the test. In the case of mechanical teats, only selected pa. *^* 
ni" HTtiiiii ciisiiiiiis hit ir-ti'il, iir i'vi'h sjHn'iiil test pieces east from tfae n "» ''■" 
material as the eastings. 

The transverse test, probably the simplest type, is the 

generally applied to e^t-inm. In this country the standard teat piece i* ■ 
casting 3 feet (I inches long x 2 inches deep* 1 inch broad, which is even '.^ 
hud on two knife edges 3 feel apart,* third knife edge being brought do**' 1 * 

other two and u gradually increasing pressure bro "*" 
to bear 




o usually, the total detlci lion before fnu 
iub actual results of such tests, Imt it is 
tlic three mi tubers 18, 28, and 88 cwts., of w 

|mir, in 1 , even l«d, result; 28 
lest. These tests lire easily Hindi' 



c ileflei'lioii for given |ives-ni~« '■ 
Hire. It would be easy to C ' '" 

much more useful to remain ' f ' 
bich 18 represents a distiiic' J. 1 
ti fuir average ; and 38 ewts. a very go*"' 
elaborate testing machine 



a the lluckton single lever, but Hi:. 217 shows an efficient ii]>[iaratus by \\ - 
T. Avery, specially designed for transverse testing only. 

It in important to note that the dimensions of the seetinn in il 
should be correct or carefully measured, a fact sometimes ignored, I 

pieces are tested as cast. Take the formula \V = , representing the ri 

anue to fracture of a beam of this form, and, therefore, the relationships between 
U , the weight required to break the test bar ; r, a constant for any one material; 
ii, the breadth of the section ; tt, its depth ; and / the length between the knife- 
edge supports. Assuming / and h to lie true to standard, and 36 C 
recorded, but d found afterwards to he 111 inches instead of 2 inches, 1 



wta.- 



i*ir-iy m 



l) 36 i 

<■* 1 x(-'|- I. 

!■ -— : from equation (1) 



be the 
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!■!-' ' 4-43 " 

This not only serves us a warning, bul showe bow to arrive by calculation 

£thc correct result for the true standard nn bom t result obtained Irom 
other aiaa. For cast-iron tl aloulation should only be used <rheo bfae 

.<■- an Bomethhag ■ the stiimhinl : :i-. ■■\-u rissnnnn;.' :i citustiitil cninpnsi 

ion, the struct up'.' ■ if tins material varies so much with diflerent sizes of oisliiiifs. 
ii Bome cases in Chie country, and more so in America, the transverse test n 
IBM lt« im 1-inch sijiiare sit t inn on supports IS inches apart. 

The compression, or crushing test, is another that is sometimes applied 
a east-iron, and, although the Iniusvcv-i' irsi i> ni"s.i iiene rally relied on to 
uilire ill' ihe ijiuility of east-iron, its rcsistuni-e to crushine is very comiO"iil\ 
Ik- property that is need. The name sufficiently describes the test) ind the 










■■ii 1 1 ") the piece and results obtained are -ill that need be given. In Bg. 218, 
' i . im uiinsed test piece, 6, 5, 4 are grey irons, .1. 2, 1 are white Irons (all 
titer testing), in which the shattering of the white iron should 1* noted. The 
Wwt piece for crushing is generally a cylinder of which the length is about 

Sirice the diameter. The results are read in tons and calculated to tons per 
n»ro inch; and, us in technical work calculation must be reduced to I 
nunam in Older to save time in doing a series of tests, the diami 
•Ranged so thai the urea of the circle shall be 1 square inch or some simple 
generally j, J, or 1 square inch, represented l>y Oon'4 ni.-h, u Tits 
■ mil. and l - 128 inch ri'sjH'i-iiviiv. itii'l li-iicc 1 "I -* m<'h. 1 ■■>'■"'• inch. >u J- .'-Ml 
inches in length. The cylinder chosen is set between two parallel plates of 
hardened steel, and the crushing pressure applied in the special m an ner 
designed (or the particular machine in use. With regard to results : for cast 
i the three numbers 30, 40, 50 may lie remembered ; 30 tons per square 
i ad result, 40 a good average, and ~>0 tons a very good remit. In 
> case of steel castings, the test pieces, as a rule, do not break, hut merely 



assume a cheese sliajie, and the result is expressed as a i ipression "f. -; - 1 ?"' 

41 per cent, at 100 tons per square inch ; several are given in the pro] 
chapter. The test, unless for cast-iron, is seldom used in commercial wo^^Mc, 
aud is principally reserved fur scientific investigations, in which it is desired to 

throw every available light on the subject. Fig. 220, C, shows the appearan^^ce 
of a 0-35 per sent Carbon steel crushing piece after testing. 

The Drop Test. — Many castings, snch as wheel centres, are required tu 

stand a drop teat. This is somewhat similar to the transverse test, uu^Miy, 
instead of a pressure gradually applied, a .specified weight, say 1 ton, is lift ■ed 
so many feet above the casting between guides and tlieli dropped on it, BO «fl 

to gauge how it wiadd behave under severe shock. The method of raisi*^»g 
and l'flr-iisin^ tin' weight is praet ically that shown in fig. 169 for breaking ^mjji 
eastings, only the weight is raised and falls between guides, and it has a pi^^rt 
underneath, V-shaped in one view and rectangular in the other, with t Xu 
object of striking the casting mi a definite line Or place. 

The Beading Test.— In this test the section o( the piece is specified m 
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round or square, and dimensions are given ; while one part is held firmly, W* 
other is bent either by hammering or by pressure over a specified radtUB, '"[' 
the smaller the radius the more severe the test. The bending is continU*' 
until either the specimen breaks or the required angle is reached, when, «' 
coniuiereial work, it is usually not bent further, although, in experiment"' 

work, the bending i,s continued until fracture is produced or until the s |i!'' 

bends double. Fig. 219 shows two pieees after testing, the upper havinp 
broken at 89" and the lower bent double without sign of distress. 

The Tensile Teat.— The tenacity of a metal is the resistance it offers to 
rupture by a tensile stress, a force which tends to pull its particles asunder, 
and it is generally expressed here in tons per square inch ; in America, in II*. 
per square inch; and, on the continent, as kilos. per square millimetre. Is it 
220, 4 represents a common form of tensile test piece for 2 inches parallel, 
lieforo testing; 1, a gun-metal; 2, a yellow brass; 3, n steel casting ; 5, » 
Forged steel; 6, a lead; and 7, a cast-iron test piece after breaking is tin 



testing machine. With substances such as grey cast-iron, white cast-iron, 
and certain bird steels, the tent piece resists the force up to a certain point) 
and then suddenly gives way. With mild steel castings and many alloy, the 
behaviour is different, for, up to a certain point, there in the same resistance 

iiid i ml v it very slight elongation and consequent reduction in area of the 
jiiodi, which are pri>[Rii-tiimal to tin 1 force applied; and, when the force is 
r, in. ned. the piece practically regains its original dimensions, as is the case 
with the other materials mentioned above. With these, however, a point is 
reached where the conditions no longer hold, for the elongation suddenly 
becomes much greater than proportional to the stress, the beam of the 
machine drops, and the lengthening of the piece is now sufficient to lie [dearly 
aeeii by measuring with finely -pointed dividers held during testing in fine 




centre punch marks. IJefore this stage, if the stress he removed, the piece 
«ill return to its original dimensions. The force which enables the piece to 
do this is called elasticity. When the stress is equal to the maximum elastic 
force, it is known as the elastic limit. The slightest increase in the Mi<— . 
v produces permanent set. The sudden drop of the beam of the testing 
e, or the very decided lengthening of the piece as shown by the 
i, is taken, perhaps somewhat loosely, as the elastic limit, but in styled 
e the yield point. It will readily 1-e seen that it must be a delicate 
r to obtain the true elastic limit according t" the definition, that | « it'-<T 
Uiticitr is measured by the e\aet return tn original dimensions after removal 
' e stress. It is also held that exact proportionality between the strew and 
e elongation does not cease at exactly the same point as perfect return, nnd 
t neither is exactly at the yield point as measured by the drop of the hniirl. 
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and the more delicate the measuring instrument the sooner is diaa$ 
shown. It is not therefore to lie wondered at, that, in ordinary pnetioaj 

OOnuneroial testing, the settling of these tine points is left to spec in lints, «ii" 
in very much at variance among themselves, din! that the drop of tin: Wain 
or the sudden lengthening already descriijed is generally takes U the 

clastic limit, if, on running the weight hack, there is found to \<v a ■ IimT. im-T 
permanent set. 

On further increasing the stress, the pieee continues to elongate, at Brat 
fairly regularly throughout the parallel part : and. linully, atone point :i special 
" waist" is formed. Soon after, tlie pieee fails to lift t!ie lieam, and the maxi- 
mum stress has been reached. Generally, the pieee is then allowed to break 
by continuation of a force which is not measured : as, the lieam having dropped, 
and the strength of the pieee being unequal to lifting it, the real stress acting 
now must be less than that recorded on the Iteani, and the real stress required 
generally continues to decrease until fracture takes place. Hence, when the 
maximum stress that the piece will stand is meant, it is obvious that hruakinu 
stress, and, much more so, breaking strain are not terms that should he used. 
In some special work, when the maximum stress is reached, arrangements :m 
made for measuring the then gradually decreasing stress, which can be none 
by a pressure gauge, or by running back the weight so that the beam is kept 
floating, and obtaining the result from an automatic recorder. It may seem 
strange that the breaking stress should lit. 1 less than the maximum stress ; but, 
when the continuous decrease in diameter is allowed for by calculating tin' 
stress per square inch of the smallest section at each stage, it is found tli.n 
this number increases to the end of the test. The readings on the l.»-. 
the elastic limit (E.L.) and the maximum stress (M.S.) in units of weight "" 
section ; and these are calculated and reported an units of weight per anil 
area of the original section, as, for example, in tons per square, inch of the 

original section. The ductility of the material is represented by the ai mt 

the test pieee elongates or draws out after the elastic limit is reached. This 
is the definition of the user of such material, the engineer, and is the best. 
The old metallurgical definition of ductility as the property which enable* » 
metal to be drawn into wire is founded on a confusion .if ideas. A metal iinDt 
merely drawn out into wire, but its tenacity is taken advantage of to draw it 
through a hole, smaller than its own diameter, in a steel wort !e or win.' drawer - 
plate, and the fact that it yields at this point is due to its malleability !■■ " ' 
the properties that enable a metal to be drawn into wire are its tenacity ami it- 
malleability combined. The amount, then, that the test piece elongates after 
the elastic limit is passed, determined as the total permanent elongation when 
broken, is a measure of the ductility of the material, and is expressed U ■" 
much per cent, on so many inches. One is often asked why trouble to #-' 
oh 2 in, lies or 4 inches {as the case may be), for is that factor not nll'miwl** 
by stating the result in percentages'; This is necessary, however, as than ■"''' 
two distinct permanent elongations, one fairly regular over (he "hole paroll''' 
part and one relatively great, but restricted generally within aVumt an inch "' 
the length and constituting the waist, uhcre the piece decreases in diana'b' f 
comparatively rapidly. Thus, the general elongation would be the same pet 
inch on a 2-inch as on a 4-iiicli pieee, but there would In' only one dongatW 
for each due to the waist ; hence the elongation per cent, is greater on l' inehv 
than on 4 inches, and. iu general terms, it is less the greater the k-iej 
test pieee. It is interesting to note that, given the elongations of two <.<-'■ 
pieces differing only in length, the two separate kinds of elongation nn !■ 
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calculated from these , and, liait'i', also the elongation tilt cent, fur any other 
length of teat piece of the same diameter and made ■ >f tin- sumo material ; tliis 
result is often desired for comparing specifications «r ex peri mental results. 
The authors have tested this by several experiments, but the following should 

l>e interesting, and make the mattes clear: — 

Let f, represent the regular elongation per inch, and '., the special elon- 
gation due to the waste. Take the elongation on 3 inches and on twice that 
length, namely, 6 inches, which it ia seen are 0-94 inch and 1 "46 inch 
respectively. The former contains three times the general elongation per 
inch and once that specially due to the waist ; hence, twice this, or : — 



hoi 



1-8 
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= 0-173 inch. 



It is obvious from the sketch that the actual measured elongation on the 
first inch from the left is 0*17 inch and on the next 0-18 inch. Of the others 
only the last is marked and clear of the waist, and it measures 0T7 inch, an 
average of 0*173 inch. From these it is easy to calculate the elongation 
on 4 inches, for, assuming a homogeneous material, it must be 4 x 0*173 inch 
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+ -4l'= 1-U2, or 27-8 per cent ; whereas, it will he seen from the tigui 
tin- measured elongation is 5-11 -40 = 1*11, or 277 per cent. : this is an 
exceptionally close agreement, obtained hy using an exceedingly homogeneous 
piece of forged material. Fariiley iron, and having the different lengths of test 
pieoea all OH the same piece. Disagreements obtained from similar calcula- 
tions, using lion- homogeneous materials and different test pieces, arc only 
such as are obtained in the actual testing of the same. It will Further lie seen 
by measurement, where possible, or otherwise by calculations similar to the 
above, that the elongation is 38*3 per cent, on - 1 inches, 31*3 per cent. OB 3 
inches, 27*7 per cent, on 4 inches, 2(r0 per cent, on 5 inches, 24*3 per cent. 
•ill 6 inches, and would be L'*i*"i per cent, on 8 inches. 

According to the Law of Similitude of M, Barba, not only do different 
lengths cive different elongations, but also the same lengths only give the 
■DM ei .ligations on pieces of the same diameter, and, in general terras, for 
i.lic winie material 'ally, similar figures l'M'- the same rlniiiratiiiiis. Tlm>. a 

i.-.r |n, .■■■ 0*564 inch diameter by 'i inches long (as we have already shown) 
-would not give the same elongation as a lest piece 0*5(54 inch diameter by 
1 i...U.- long, nor would one 0798 inch diameter by - inches long gife the 

ami- i.|ntii;iitioii jut cent, as one 0*564 inch by 2 inches long ; bu1 i 0'798 

0*798 x 2 inches , a „ . , , 

D-664 raehea 6 B 






inch diauieter by 
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tir.m as tli-- first. These [mints uri' well worthy of careful thought, i'"'- 
although complications can !«_"■ avoided in most raws in one's nvvn testing hy 
keeping to standard dimensions, it is impossible to compel others to do B* 
same; yet it is often necessary to compare one's own results «ith ili<w '■■ 

I 
other workers. Hence, some engineer* ask for tin' figure —7- bo be slwsjl 

given, so that a fair comparison U-tween i-l'in-_-;itioiis may be made ; for those 
test pieces in which —j= are equal are obviously similar figure*, / representing 
the length between centre punch marks and a representing the area of tin 1 
section, Ja is propor t ional to the diameter. Several people to whom the* 
matters have been mentioned have doubted their accuracy, whether (TOB 
prejudice or experiment is not known to us ; but it is well to state that »e 
have made several experiments as occasion arose in ordinary testing work on 
all these points, and all have Corroborated M. liurba's statements. As an 
example, a test piece of one steel 0-564 inch diameter by 2 inches long gn" 
elongation of 23-0 per cent. ; whilst one 0-712 inch diameter by 

r 3'58 inches long, gave an elongation of 23-3 per cent. In 



0-712x2 indies 



0-5C4 

1 use it might la-- thought that the difference in length was too small to make 
any difference in the elongation per cent., a test piece of another steel «« 
tested later t<i meet the objection, when 0-564 inch diameter by S ipebe* 
long gave 32 per cent, elongation and on the same diameter, bat 2 
loiitf showed 27-7 per cent, elongation. 

Alternating Stress Test.— The fact already mentioned that tensile tot mi; 
sometimes fails to give all the information desired has led engineers to .-]"■ i !l ' 
1 .1 he j- m- added lests for certain work, as in the ease of the drop and the Itt'inii'is: 
tests. Behaviour under rapid alternations of stress below (he elastic limit b** 
been much to the fore anions experimenters recently; but Prof. Arnold b* 
designed an alternating stress test which, unlike most of the others, can I* 
made in a very short time, and the peculiar feature of which is that the aa«ipl« 
is stressed above the elastic limit, a piece jj-inch square or round being bw 
firmly in B hardened steel die and struck 3 inches aliove the surface oi 1 lis l!l1 
so that it is moved to and fro jj-inch on each side of the centre about Hi" 
times per minute. The method has given some interesting and imports"' 
preliminary results in studying the treatment of castings, but it is too won 
lo make any special pronouncement, and there is not space to discus* ti* 
detailed results. 




> many the microsc"^' may wcm an unnecessary rcliuchicnt, arid not at nil 
keeping with the work of a foundry. Ebrpenenoe proves, however, that 
nw has r, commercial value, h.s 1 ins been distinctly shown in Chapter XXXII., 
e micrographs their liiven illnsti-iitins.' "lie method of attacking problems 
t open to solution by other means. Not only must the founder know the 
Dtttitnents present in his metals, but he should also know how those 
nstitucnts are distributed in the mam of the metal. This involves ii rtudj 

structure I, at the niitm-t. -.tnu'tuiv iiinsi inii In' confused with tlie 

pearanee presented by a Fractured surface. A fracture ren-als only the 
pearanee after hieukin- by a force, siil'Ii as a blow or a pulL, and even the 
lure of the foree used to effect rupture and its manner of application ha\r 
considerable effect on the appearance of the fracture. In breaking pis;-iron 
e greater portion of the fracture follows the plates of graphite, and, as a 
suit, the broken surface may suggest a preponderance of graphite incon- 
itent with the actual composition of the mass. A crystalline fracture, one 
wing h brilliant or sparkling appearance, generally indicates a crystalline 
uterial, the crystals of which are only loosely held together, or are separated 
wiiii" 1 brittle cement, or even the individual crystals, which are no 
■n'r.ily developed that they show real crystal cleavage, definite planes oJ 
eakness within the crystal. A fibrous fracture may also be given by 
u'hly crystalline liodies, sueli as lead, copper, or pure iron, for in that case the 
ystals are soft and ductile, and cling together, so that the fracture is Hbrous 
cause these crystals have been pulled out in the direction of the stir — 

Structure, thei ay lie dcscrilicd as the internal architecture ; and whilst, 

tier certain couditiniis, tin- architectural aiTaiiL'cineut may be visible to the 
ted eye, in the majority of cases aided and magnified vision is essential. 
•A study of the structures of metals is known as metallography. Amongst 
'j workers in the science the name of Henry Clifton Norhv wfll alwav- 
'"•d pre-eminent as the father of the introduction <>f the microscope to the 
*v of the structure of rocks, as he also, some yean later, was the first to 
'•y the microscope to the examination of the minute structure of metals. 
^eesor Wm. Nieol of Edinburgh had prepared thiu transparent Motion of 
'I wood which revealed the structure of the original wood. I>r Sorby saw 
"**-, and applied the methods to rinks, thereby revealing their internal 
" tutr. He also carried the work on to the examination of the opaque 
rtalS) and thus laid the foundation of metal lography. For a long 
<* Soitnrs work lay donuant, and we have heard him tell how geokgfett 
337 '-'2 
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itig mountains under the niicmswpo, and utetal- 
i ignored for years. Although, ua Sorby showed, 
there are remarkable similarities between the structure of igueoUB toela end 
metals cast or forged, a nick section when ground down to a thin slice can In- 
examined hy transmitted light ; whilst a metal section is oj.ku.iiu>, mid can onh 
]>e examined by reflected light. This deprives the metallurgist of some of 
the most valuable tests open to the petrographer. 

Martens in Germany did a vast amount of microscopical work on the 
structure of metals, but the renaissance and extension of Sorby 's pioneering 
work in the true spirit is largely due to Arnold, Usinond, and .Stead. Smn 
then the held enema to have become almost fashionable; but, unfortunately, 
although much valuable material is to bo found scattered through various 
publications, much ill-digested matter has been contributed by careless or 
Incompetent workers, which must sorely try the student. 




Only a general survey of metallography is given here from a puHV 
foundry point of view, drawing all examples from our joint experience ■""' 
avoiding the technics of the inierosi..pe us an instrument ami the p] 
of sections. No attempt is made to discuss conflicting theories, or bo ml 11 -' 
on theoretical niceties, and the views given are those deemed mutable f " r 
practical men. Practically speaking, all metals are crystalline. A--'i' 1,l|! '-' 
Ihc metal to be chemically pure, then in mass it will be built up ■■' 
of crystals, each iHjiuided by its contact with its neighbours and not neoawW 
bj crystal faces. A plane section cut from a pure metal, when jxdistn.il :>■"' 
etched, shows under suitable imi^uihcaliou a series of lines which mark ''" 
crystal I lanes, ;is in 1ii_'. ---- Whilst representing the L'l'ii'Tal apjieami"' 1 

of most pure metals when viewed under the micmscpe, this illustration A* 
not define the size of the crystals. Actual sue raxiea with the mi 
for any one metal, with the rate of cooling from a high temper- 
-lipiuc the cooling the larger arc the crystals and the more geometrical are '* 
I ml hi' - | conversely, rapid cooling results in a finer type of crystalli* 
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Deeper or more prolonged etching will generally show not onlj arrets) 
1 «>u ml nrios, but also n little of the internal structure of the individual crystals. 
Certain lines appear, which, consisting of parallel series in each crystal, have 
different directions in different crystals. This is expressed by saying that tin 1 
orientation is constant within one crystal, but varies from one crystal to 
another. Comparatively few metals are met with in a state of perfect purity, 
but the foregoing is essential as a baais for the study of the nature and 
distribution of impurities or other eonstituenta. 

When a foreign substance is added, or is present, it may be isoLuorphous 
with the metal, that is, it may crystallise in the same form and solidify as one 
substance with the metal; or, on the other hand, it may of itself, or when 
combined or alloyed with a portion of the metal, form a substance that will 
not crystallise with the metal, and in this case the crystals separate in a state 
ef purity and reject the impurity, which is found on solidification as a separate 
constituent. With the former type of impurity the structure is, practically. 




Fto. 223. -Stria 



!i Trace of Impurity. 



tin shown in Kg. 22'.!, whilst with the latter type the impurity may show in 
Motion as a network enibnu-iug pure crystals, as in tig. 22.1, or as small rounded 
particles, as in ti^r. 210. 

One of the most troublesome problems of metallurgy i^ that of determining 

thr particular form of this thrown-off material when it is a brittle subst -c, 

.-mil the importance of this torm has already been discussed in connection with 
-•U-'\ ■-.-i-Uu^'s (Chapter XXXI 1.). 

Obviously, the properties of a metal possessing ti structure like thai shown 
in rig. 223 are represented by the character of the network. ' Assuming the 
ii>>t\w»'k to be brittle, then, no matter how ductile the individual crystals may 

l„ . tlic mass will be brittle, for the ductile crystals are completely isolated fr 

i .1,1, other. The rejected iiialcriid may also have a lower melting point and a 
dirlcvi'iil contraction coefficient to that of the pure metal. Thus, the contraction 
uf the pure crystals may la 1 well advanced before the rejected compound 
■solidities and comnienn'> tn i tract. The iictt result is that the cohesive 

:.,,, i.i. in,/ bet w ecu the crystals mid the network is weakened, or. ill aggravated 
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ii minute Bpaee may bo developed. This is of some moment in the case 
of water or Bteam-tests, and, for the sake of clearness, a narrow space is shown 
traversing one of the lines of network in tig. 223, Translating such si structure 
into llie solid, the metal would in.' traversed hy minute intercrystaUiue spates, 
and thus tiny routes are ottered for the percolation of water under prowe 
A result of this kind may he actually obtained hy adding small amounts of 
sulphur to pure iron, the result being that the leakage titkes place aloiiB 
the interspaces between the crystals of pure iron and the uusiiwork of iron 
sulphide. 

Mere optical effects, in the case .if sections winch have necessarily to be 

exftmhied by reflected light, must he allowed for, and fig. 224 shows 
example representing an actual photograph of perfectly pure eopjier. Tin 
crystal junctions will he readily seen, and it will also be noted that BOmeoftlw 




1, 



Ho. 2'J J. -Structure uf Pure Copper. xB8. 

crystals are much darker than others. The white junctions might be mbM**" 
ID a photograph for brittle or other cements, but when examined hy suiii"- 
the focus in .-iiili pjint in turn, it is plain that they only represent rcticeti' 111 
off a sloping portion of one crystal leading up to the other. That tin' 'l 1 '" 
crystal is only due to nil effect of lighting may Iw proved hy revolving Ifc 

section, when the dark one becomes light and some of the light. ■ 
change to dark. 

Fig. 225 represents the same copper as ia shown in fig. 224, but iill"." 1 ' 

with 0'2 jxt cent, of antimony. This impurity is an exceedingly object! I 1 ' 1 ' 

one, and the meshwork shown in fig. 225 gives a very clear reason tOtUt 
nd verse influence of antimony on the mechanical and electrical pro 
copper. Figs. 224 and 225 are from the authors' photographs from sciim:- 
expressly prepared hy Arnold it Jefferson to illustrate the influence of ■ ■■''' 
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Fio. 22fl. — Stucttiro of Pure Copper, Willi Osygen. x 58. 

lilat it is unlikely that leas than J lb. of antimony, evenly disseminate I in >• 
■e state through 99'8 lbs. of pure topper, would have any marked effeol on 
properties, it is easy to realise that, when the antimony separates out as 
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tile crystal, th( 



HD alloy and forms thin walls, eti'ectuallv isolatim: each ductile 
strength of tlic niasB will lie that of the investing membrane. 

Fig. 226 is itu ii itcrcstii i l' structure t mjiiirc with that "f the pure copper 

shown in tip. 224. It represents copper, melted without any special pre- 
caution »s to oxidation ; tlic result is it composite structure of apparently twi'i 
ilisiiiii't constituents. Wc hnvc obtained many anil various tyjs's "f structiin's 
frimi iand cast cfip]K*r melted under different conditions of oxidation, but %■ 
236 i> sufficiently Ear removed from Bg. -21 to give an interesting i ■ i 
mill to convey a mora] to the student. 

(Jood examples of tln'sc two types may also he drawn from gold »nd 
from iron. Fig. 222 might represent » inicrosection of either gold or iron »' 
different magnifications. Add a few tenths per oent of silver to the gold, 
the structure is uuatlccled, the silver crystallising nut us one with 
Silicon lidded tn the iron give- the same result, probably dissolving as n -il:i i' 11 

of iron : similar substances, in which the added materia] crystallises out 
tritfa the other as a homogeneous mass, are called solid solutions. It must 
not In- assumed that ill these ijm's their are no changes in properties, for the 
additions have ■ subtle influence, the silver stiffening the cry-ials ni -^'-'l 
slightly and the silicon most probably helping to perfect the crystal lisutiui' 

of the iron and giving some tendency to the formation of cleavage pi- "■ 

Add 0'2 per cent, of sulphur to the iron, the sulphur combines with the nun 
to form sulphide of iron, which, on cooling, is rejected by the crystals el l'"' 
mctiil. Add 0'2 per cent, of lead to the gold, the lead forms an easily fusil'l" 
alloy with a small quantity of the (.'old, and this alloy is also rejected bj to 
crystals in such b why that the structure in either case ia very much 0M h - 
223, and the metal is more or les.s brittle. A term very much used in spcakaii.' 
of the constitution of metals is Eutectic. The eutectic is the alloy oflo** 1 
melting point in a series of alloys. Thus, lew! melts at 327" C, tin at S82' 1 ! 
hut mi alloy of 2 of lead to 1 of tiii begins to solidify at about 230" C, »*« 
the lead crystallises out until a composition of .11 per cent, lead to tilt per cent- 
tin (nearly PbSn 4 ) is reached, which solidities as a whole at 180' C. This alloj "' 
lowest melting point or mother liquor of the lead-tin Beries is known .,- 

tin eutectic. It is of a definite c position, has a definite solidifying poJDt; 

and a usual feature of cutectics is that, on solidification, they s]ilit up into t 11 " 
constituents, and on etching a polished section they show generallv ■ 
les.s definitely stri|ied apjieanmec, as in the case of Stead's phosphide of i'"" 
eutectic containing 10*2 per cent, phosphorus (see figs. 211 and 248). 
We have seen that sulphur combines with some of the iron, 
disposition of the sulphide may make the iron brittle, but sometime! <' l( ' 
added material may combine with a portion of the metal, and the oompOOlw 
may have the effect of giving us alloys of great importance. Take ■ ■ 
the copper-zinc alloys. The exact theoretical changes that take pin 
discussed ; hut we give only one view, with the warning that then 
(which do not, however, affect the practical results). Copper alloyed *j* 
10 per cent, zinc presents the strnctnre shown in fig. 227, which is a riel*'"* 
of a definite yellow compound or alloy of copper and zinc nearly cum- ] 
the formula CtigZn {(if) per cent, copper, 31 per cent. zinc), distribub 
a groundwork of copper. The yellow portion of this alloy may be called tH* 
brass. As the content of nine ia increased, the area of the trui 

increased, until, when about 34 per cent, zinc is reached, the whole of t!«' 
structure is just one yellow field of true brass. When the control of SUM : ' 
still further increased, the compound Zu„Cu appears and increases in amount 



iis the content of bum is increased, aud thus, pure Muni/ metal alloj 

of two constituents Cu,Zn mid Zn,Cu. There is 901 lifforenoi 

as to the former being a real chemical ubinati'.ui, nimiy worker* holding it 

to be an alloy of CuZn with copper, but we tliiuk that Laurie has proved his 
point with regard to tin.- Zuj'n being n inn. 1 chemical compound, even in the 
ao]id metal, An average casl Muni/ metal structure is shown in 6 
which I In' light jmrtn'iis represent true brass :iinl the dark uresis the i 
ZnJ.'ti Kig. L'l'il shows :i more attenuated arrangement of the dark con- 
stituent in the yellow ground of true brass, mid this represents a type of 
■troetuxe common in high-tension bretum 

The copper-/.! lie series nf allr.vs idvi- ;i j." 1 "' illustration of 1 1 1 ■ 
properties due to n cotn|iosite structure. Thus, ductile true brass 
by the distribution through it of the harder compound Zn s Cii ; but whan 1I1 1 




Flo. 1EJ9. — Structure of Mantx Metal. 

conipound is present in excess, as when 40 per cent. zinc. i> exceeded I 
virtue id its own brittleness, mid nwiiu.' t« the decrci wing amoilnl ul ll 
l'u.,Zii, decisive hardness and brittlcnesis in the alloy i- manifested. 

Another e i pie of the beneficial cil'n-t <>f dis.-iimlnr crystals .-;■:■ 

is found in the ease of gun -metal, for. as in tig. 230, we have ductile OOpp* 

modified by the distribution of hard HnCu 4 . This compound is ■ 

hard m id brittle, il [ tosses scs a silver white colour, aud to it ia due tb< I 

,,i gun-metal. Here, again, an increase in tin results in an ini res 

amount of hard Sii('i (| , and, as noted in the chapter on alloys, exp. ■ 

shown that a limit of 10 per cent, tin is sufficiently high for ordinary gnu 

metals. Exceeding this amount there is not sufficient ductile 

the lirittleless and hardness of the compound. Fig. 231 shows aOOl 

of gun-metal structure induced by easting at a very low heat. The dl 
i -.balneal properties are worth noting, and the very perfect 
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Flo, 231.— Structure of Pure Nun MeUl. » fif 
Maximum Stress, 9 5 tons per ai[iinrp inch. Klwif-ation, 2"8 par 
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i'1-vsliillisiitiiii) •■< rig. 231 forms !i strong contrast to tin.' interlocked unci broken 
up appearance of tig. 1'30. These two structures vtpnaeat the two extremes 
met with in the examination of many- gun-mctals of identical composition. 
They show that, when two dissimilar cons] it units ;nv present, each constituent 
should be merged well into the other, in order that the properties of the whole 
niiiv he it blending of their scp-irate properties. With crystallisation exhibiting 
it pronounced straight line struct tire, lines of weakness are evidently introduced. 
(njD-Carhon idloys have received :. much greater share , ,i attention thitu 
has heeu given to the eop]>cr alloys. Il< re m.-l allograph y n» r , ■., vcrv t'"ti- 
sidorablo debt to Arnold, who published "The Influence of < 'aiism on Iron " 
(Prur. /.''./;., l.sfly), in which he clearly showed the influence of carbon, Mt 
only on the mechanical properties of iron, but also its influence on the micro- 




Fiij. 232. — Laminated Pearlit*. ■ 1000. 

structure. The structure of pure iron may be taken to be a* -hmin iti Hi;. --- 
i Yystals of pure iron, its seen under the microscope, arc ctilied I'emte. Vi 1"'" 
carbon is added to iron it most probably diffuses evenly through the iiii''' 1 '" 
mass, but on cooling front a high temperature it segregates into ■■ 
taming about 0-9 percent. C; while above aliout 7UOTJ.it forms a honiogni'" 11 ' 
constituent corresponding to the formula Fe M C. If quenched nlmw l ' 1 '" 
temperature these areas remain homogeneous and form hardeuif 
hard constituent. If cooled, itt a norma] rate, to the temperature of tttl ■'"'■ 

then a little below 700° C, these 1 togencMUS a reus break up into Inn •■ 

FegC (F6j,C = Fej, + Fe 3 C), and, still occupying practically the b&i 
they now consist of alternate plates of carbide of iron (1V..O and ol »"" 
varying in coarseness according to the rate of cooling and known a • 
Evidently, if a sample contains less than tt'9 per tent, carbon, its I it io restructure 
will consist of pearlite and ferrite (Bee tig, 207), and as the carbon is increase,! 
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the pern-lite increase and the ferrite decrease until (Kl dm oent i> 

ln-il. when tin.* whole iirt-n is pearlite. Kiir. -'■'■- represent.- >ueh 




r lonir annealing ; und, as it sho 
has boon called by a e the 



a the striped ehaivii'tei of 11 eiltuirtur, peur- 
rlwri-iron euteetie*; but, U it is formed 




FlO ■j:s4. — rtti[i--r»t united Steel. " 1000. 

: after the moat fusible constituent of iron :ind steel baa solidified, the 
uitability of the term need hardly be pointed out, Some of the advocates 
the term, having tardilj seen the true position, propose now the term 



uutectoid (like eu tee tie) ; but to couimouscnse practical men. Prof. Arnold's 
ii- in I"- the best, namely, saturated steel, or true Bteel as a ilescriptivi- 
term. Until the whole held is peatrHte, the. Bteel is an unsaturated one, con- 
taining anae "f peariite or 6km steel and ferrite. When more than 0-9 per 
cent, carbon is present, the excess is dimply thrown off us Fe s C structurally 
free, when it is known as cemeutite, so that this would he called a super- 
Saturated Steel, consisting of peariite and eementito (tig. 'I'M). Among all the 
controversies, the only views with much support are Arnold's view ol 
becomine; an attenuated compound l'"e, ;) C and the solution theory of I i 
solving in Fe.n- and, although important theoretical matters are in vol veil, pracli- 
cally, there is little to worry about. In either ease, if we think of Fe..< ' ■■■■m- 




1 lined with or dissolved in iron below 0*9 per cent, carbon, unsaturated bacon** 
term, and shove - 9, as the harden ite rejects the excess carbide, supersaturated 
steel is not ouly a correct hut a good descriptive term. Some Maturated steal- 
castings were comparatively brittle, ami their structure was represent"! •"*> 
stripinl or laminated pearl ite {tig. 232). They were heated to about 950* C. 
and eooled iii air, with the result that their peariite is of the type represent*! 
in tig. 233, and their ijiudtty was greatly improved. The harmless little bleb •>' 
manganese sulphide may be noted in the photograph. 

As the amount of carbon is increased, so the cemeutite increases until th? 
composition of a pure white iron is reached. The mic restructure of such an 
iron is shown in fig. 235, in which it is soon to consist of pcarlite and cemeutite: 
the effect of these ou the nature of the mass has already been discussed under 
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mt-iron. When other elements are added, the problem Incomes incraisiii^ly 
implex, and, instead of a few papes, a treatiwe would Vie required to give wi 




Fio. 237.— Grey C, 

[equate idee of the suhjeet. A few points y be mentioned to ihow tend- 

mm. li manganese bo present, it tends to prevent the peuitte. becoming 
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laminated, hut ;l slow enough i-i.Kiliny; neutralises this tendency. \ 
roaoganeee, the saturation point is sooner reached than with pun iron and 
carbon; thus, with 0"4 per cent, of maniMuese (lie saturation [-oiut would 
be somewhere about 0-85 per cent, carl-on. When silicon is added to the 
hie;h citrlmn scries it prohably dissolves :is silicide in the iron, and seems to 
decompose or prevent the formation of carbide, so that, on cooling, a portion 
of the carbon is present in the free state, and crystallises out, as graphite: - 
and the whole structure is made up of graphite, ferrite, and more or less pearlite, m 
with, sometimes, eementitt' (depending oil the amount of carbon retained ii< v 
the free state). The bearing of this on tin* probities of grey iron have alwr- 
been discussed under cast-iron. Fig. L'36 shows a pure grey iron made '>J^> 
adding '2k per cent, silicon to the washed metal shown in tig. 236. Suwl^- 
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, together with graphite •* 
icrograph bora M*? 






Fin. 2S8.— Finn Gmpliit 

grou[>s of ferrite crystals are very plainly I 

some pearlite. Fig. 237 is of interest as ™.. e .. n,,,..,..., 

Sort's sections of No. 3 tteniahaw grey iron, polished and etched -in ^ ^ ' j 
■nid slanving pearlite, graphite, and phosphide euteetic. Figs. 23*, SM. '"| 
240 show how the size of the plates of graphite varies, and the iiii|«"''"" 
bearing of this on the strength of the metal should not need to he nivtli'' 
impressed. 238 is from a Basting of £ inch diameter x loO diamatcrs, 9S9W"! 
B oasting 2 miles in thickness x 58 diameters, whilst 240 is !i section of N* 

pie; x i">* diameters. , 

When phosphorus is also present in grey pig-iron it c-osN .-,- i 
separates as a brittle phosphide euteetic, as shown iu tigs. 241 ami 
those who would at ltd v this question in detail should digest M r Stead 
paper. m the snhjeet. "'iron and Phosphorus," Jo«w\ /.S./., 1900. II., pp. 60-l» 
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Kijr. -13 re presents the structure of nn American black heart casting. H«e 
u whit*? iron line first been formed, and a varying quantity of th 




-iil>-i''|in'i]Tlv decomposed by beat 
carbon separates in a free, but, a; 



i. 242.— Phosphide E 



Llus present state of our knowledge, it limy be called simply amorphous c«ni">i 
There are aleo pearlite, ferrite, and sonic manganese sulphide blebs present 




Flo. '24-1.— Alloy of 50 Copper, SO Nickel * 1000. 
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As a final won!, let it lie it>iiiemln.'n'd Hint thin ifl but mi iotnthMttOD t<> 
metallography, Mtd thnt nut i.iilv vdi'Mtimis itf the Lypw erven an tUSl frith 
on every band, Inn tlini two dinniinilnr tyjifK may Iw found in the 
of Distal. K%. -il ahowa tin' rtruattiw of a BO. copper, 60 nickel * 
fig. Mfi attorn a portion of ■ rary mild stwl with large oryatala on the otttaide 




Flo. 246. — Example .if Fine nud Comae CiysUllisslii 



tt 



and sniiill mi tlif inside ; and hk the Hguri' ivjitv.scuts il^nt one-fiftiejk 

inch across, the endeavour to picture tin litiona tinder which 

structure was formed will be an interesting puzzle For the student, and 
to Foster thai modesty of thought which comes when one h 
sufficient knowledge in i-eiudi the stfifre of seeing how greal la bite field f»l 
unexplored 
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COMMON FAULTS DDE TO THE METAL. 

It is obvious that a waster casting limy lie due to faulty moulding, or to faulty 
metal, or even to a combination of the two causes. These sources admit of 
much discussion, hut for the present we are concerned with inherent faults 

il. Should the fracture of the metal show blowholes, these may 
be due to cither of the '-hum's In the ease of steel, if from the mould, they 

I or oxidised, whilst those for winch the metal must be blamed 
US clear and bright, unless with very badly blown uietal, when some, next 
the skin, seem to break through, and admitting air, are consequently dis- 
coloured. Hl-iM-lidles are generally an elioct ui composition, although it has 
reft ■utly been shown that it is not enough to consider only composition as 

determined, but thai the maimer of working the heat in making 

lias a considerable iurl 1n11.1i' (sec p. Mi:\). line good [mini nluiiit 
deep-eeated blowholes is that they minimise contraction stresses, but their, 
ti purpose is not generally available, us tln-y arc up1 also Co appear 
■ - which arc required to he solid. Drawn holes represent faulty 
feeding, and the line of attack to remove the fault should !»• clear. In this 
work, due prominence has been given to the importance of chemical composi- 
tion ; and in a ease of failure requiring investigation, the hist step is to 
Moeitain, by analysis, the constituent* present in the metal. .Should impurity 
bfl in BXOesa, or the general composition prove to In known to be unsuit- 
able for the purpose, then a necessary alteration is at once revealed The 
composition ia'ing favourable, then tin- erudition of the metal is of importance, 
ami here a microscopical examination will often indicate whether the tieat- 
mi'iit has been correct. In this way. faulty annealing in the case of steel or 
of malleable iron eastings may lie detected. Apart from any of these features, 
troubles may arise in the form of wasters, the causes of which are exiTcmolv 
hard to locate. 

Of matters not already dealt with, the problem of the influence of oxygen, 
lameiji-illy in its character of dissolved oxygen or oxide, is of the first 
importance, and has to be faced daily in every steel and brass foundry. An 
oiidised metal does not necessarily imply a blown uietal, for, thougti Iteel 

castings made of metal fr which the oxide has not been properij re red, 

are generally much blown, copper eastings may lie perfectly free from blow 
holes arid yet lie so saturated with oxide as to be harsh and dry. Behaviour 
under forging is a characteristic test for iron containing oxide, and such an 
iron will crumble or work dry under the hammer. Excess of oxygen in metals 
induces red shortness, a point possibly in itself of little moment to the 
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founder, only that nt atmospheric temperatures excess of oxygen is distinctly 
shown in dry fractures and low elongations under tests. 

Pure iron is not ii commercial foundry product, although canting 

M llli.S per cent, curl sire produced by the surface-blow n Bessemer process. 

Before casting Much ii metal, additions of manganese and sluiuiuiuui rails! be 
UUtde 111 order to remove oxygen and bring the metal into a condition to make 
sound eastings. Herein lies a point of moment, for the more intensely usidis- 
Log the conditions nf uiami fact lire, tiie greater the amount of deoxidising 
agents required not only In be added, but to be left in the steel as excess, iu 
order adequately to remove the oxygen in the time available. Thus, Iwttoro- 
blown Bessemer castings, to ensure a, sound and oxide-free product, must 
generally contain OS to l - per cent, manganese in the finished casting. 

Castings I'njm tin: surface-blown Bessemer process, in which apparently llic 
oxidation of the iron is nut so pronounced, are successfully produced "hen 
required si> pure, by adding sufficient manganese to leave u content of 03 per 
cent, plw the addition of (>■():"> per cent, alnmiiiiutn just before canting, to pre- 
vent the formation of blow holes. With curl ion under (VI per cent, this BOO- 
-tiliil'S b nearly pure iron casting, and as such is specially applicable to 
electrical purposes. IJiven a high temperature coke crucible furnace, pun.' 
iron ran be melted, and, by the aid Of aluminium alone, sound nnd tollgll 

castings obtained. Here, iiowevev, tie 1 oxidising influence is at a minimiun, 

tlie surroundings being often actually reducing. I'rof. Arnold was the rirsl 
to pn*luce successfully sound eastings of practically pure iron to sand, and 
typical results are as follows : — 
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These tests have a two-fold interest, as illustrating the mechanical |>r" 
perties of sand-cast pure iron, anil as exemplifying the activity of (raw "' 
aluminium in preventing the formation of bluiv holes and enabling son in I eu-l" 1 ^- 

of such purity to be made. One of the best examples of oxygenated i " 

found in overblown Bessemer metal, a condition brought about bv tin: flu '' 

that although, when considerable amounts of carbon, silicon, and n 

are present in the bath, the oxidation is preferential, and the iron il ""' 

vigorously attacked, these elements are nearly eliminated when lh 

of the blast combines with the iron to form oxide of iron which is retainer] , '.' 

the metal. P. Longmuir, in conjunction with Dr. Carpenter, as e pivliaiian^ 

to determining the solidification ranges of a series of nickel stc< I- 

some pure iron in an injector gas crucible furnace under conditions «li''" 

proved to be strongly oxidising. The particular object in vie" w,, - 

tain if any difference existed between the readings given by a protected •* 

a bare thermo-couple. This object was not realised, for thi oxidi ■ 

the surface of the molten metal immediately attacked the platinum wire* *' 
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llif couple, and, mi again heating up for another tent, the crucililc broke down. 
Exactly 3 lbs. of iron hud been charter] into the crucible, and, after the 
riirnai.i- bad cooled, every particle of metallic iron ma recovered, this being 
lanmd by t hi- bet tlmt the solid bottom of the Furnace was thoroughly 

shipped out. The exact weight of metallic iron recuvered w;u ,'ifl u/.s.. represent- 
ing a. loss of 12 OU., or 25 per cent, of the charge. The value of the experi- 
ment lies in giving in a tangible Form the influence of oxygen on rooJtea iron, 
eren when the welting is done in a crucible, but anrroonded by a strongly 
oxidising atmosphere, and as showing that, although at tirst tin 1 oxide formed 
iri.-is be nbs'irhcd by llie irnn. mi reaching saturation the excess oxide attacks 
the mill ill' the Containing vessel. The metallic iron remaining was dry, 
mdiv.'itiiiir its saturation with oxide. 

A simple and easily conducted experiment consists in healing iron turnings 
in n dry but oxidising atmosphere, when, even at a dull red heat, the whole 
of the turnings are converted into oxide. Thin, in the solid ; hence, in melting 
furnaces with their higher niuges of temperature and the consequently in- 
creased chemical activity, the ma tier demands every atti'iitimi frmn the 
founder. 

With grey east-irons, owing to the very appreciable amounts of silicon and 
manganese present, the oxide problem during melting is of less moment. 
That a slightly oxidising atmosphere exists is shown by the sill i and man- 
ganese losses and the slight change in carbon, hi our personal experience 
we have not in any instance been convinced of the absorption of iron oxide by 
passing grey cast-iron through a normally worked cupola, nor have we had 
trouble with grey iron castings that we had cause to think was due ti> oxide. 

However, 1'r. Moldenkc, the weight uf whusi thm-ity mine wmild dispute, 

. . I. . . 1 1 1 . - . -, a strong plea for the view tlmt, under certain id it inns, oxides are 

jjreseiit in cast-iron and advises the Use of titanium as a deoxidiser. As a 
Hide light, certain irons have the reputation of being of a stronger nature 
t.ban others of a similar composition, and our observations [aiitit t<i this special 
rmture or body as being coincident with conditions which would favour the 
..bseiiec of oxide. It is also singular that pig-iron from a rapidly driven fur- 
i nice does not seem to jmssess the same body as do similar grades of iron from 
j« normally worked furnace. If oxygen is present in cast-iron, in all probability 
it is there before that east iron has been through the cupola. Dr. Moldenke's 
views may therefore simply relict one result of the rapid driving uf American 
l.hLst furnaces. The (picstiou of oxygen in oast-irons is, however, n very open 
one, and calls for much further investigation. 

The relations between copper and oxygen are perhaps more fully sppre- 
viatt-d than those lietwcen irmi and oxygen. Sheet cop]>er heated to ,i ginxl 

n.d beat in tin' oxidising temperature of a muffle furnace is completely 
converted into oxide, a process used m laboratories I'm- preparing pure 
nxide (« use in carbon estimations by combustion. One characteristic 
feature is the influence of cuprous oxide on the melting pohlt of copper. 
tlewi and liauer have shown that, although pure oxygen- free copper solidified 
pit a temperature of 10S4 U ('., as the content uf oxygen increases, I lie tern 
peratnre of solidification steadily fills, until, when o-.'i jmr cent of cuprous 
oxide is reached, the nias* solidities ai 1065" i '. ; iii a sense tins lower 
limil >>i 1065* C. marks a satnratimi point, fur, with further increments 
■ ■I' OXygen, the cuprous oxide appears structurally free in tie 1 solid metal, 

and the temperature of solidification rises as the amount of oxide present is 
further increased. 
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various methods an followed in order to prevent the retention of oxide by 

Hopper during melting. Tin- usual U'\t-l"Mik advice is to cover with a layer 

■ ■I 'Ii.'i.,,lI : Imi this method, under foundry condition* mid using oomnwrakl 
■copper, will not regularly produce jiihuI copper castings. It should li- 
mbered that, in the oan of ordinary copper, n small amount of aide 
I must lie retained in 1 1 1> - metal 1-- i-litani the I -est effect, as this, in Home way, 

f AraliSM the evil influence <•! llie impurities present. Thus, in the refiningof 

' I'ojijK-r, which is carried out in a reverberator}' Furnace, when the mete] baa 
much oxide left in il. tin* input* are sunk on the top, itre dry and brittle, 
and break with a curious!* dark red granular fracture. After tin- gr e a te r 
proportion of the oxide baa been removed by a layer of anthracite or of char- 
coal thrown on the surface of the bath, the process is hastened and | 
by stirring with a pole of grew wood, an operation known aa poling. The 
pint] given off by the wood bubble up through the metal, and not only bui it 
well but help to reduce mide. When this hae gone Ear enough, a ipoon 
sample will forge well, and i nicked bend teal on the Forged sample beak 

double, showing a ' atiful salmon coloured fibrous bend; and ingots oaaf 

from tin- bath now sel almoel level, li poling is carried too far, then the 

metal in the ingot in blown, and the surface of the ingot is raised in the middle 

or convex, and the metid hats again become brittle. The tirst metal ia 

lar imder-poled, the second is culled tough pitch, and the third i* ovar-poM 

Betel. These points are readily tested by experiments in .1 small cnieiUe. 

and we have often repeated them with commercial copper on as small 1 

H 8 ounces of copper, Percy says that pure electrolytic copper cannot 

In- u\iipi.liil, and this lends support to the view that the function of the 

oxide in ordinary copper in to neutralise the effect of the impurities therein. 

It will thus V* clear why it is no easy task to make copper castings BJ 

removing the oxide by means of some nirliomicooiis material. In making ^ 

commercial copper castings we have found a modification of the poling method Jfr 

successful. Tlie copper was melted, as usual, with a charcoal covering, ID 

immediately before casting, was stirred with a small piece of wood -nick DO , „' 

the end of an iron rod. The operation requires considerable judgment, m j--, 

for, if carried ton far, the results will be bad, owing to the formation of over ^._ 

|»lod copper. 

The more easily handled methods of deoxidation lie in the use of agentaa^^ 
such as dne, phosphorus, manganese, etc. Not a few commercial copp^Sssr 
castings contain appreciable 'inutilities of ziuc. So-called copper hammers, fcr^ r 
example, are made by adding 5 per cent, of nine to the molten copper. A 

more sparing use of zinc can be made to yield exceptionally good casting! * "' 
bigl pper content (995 per cent.) and high electrical conductivity. T far- 
method is, aft«r melting under charcoal, to "Hare" the copper, that is, f" r 
a art ll». crucible cliafee. to push a piece of zinc the size of a peach to t '"' 

bottom of tl rucible. The oxygen of the cnpnius oxide will pass over 

to the tine, and, as the temperature of the molten copper is above '''' 
boiling point of sine, the vapour of the /.in.- coining up thrnu^'h the ropf 101 
will carry any oxide formed to the surface. Practically, no zinc 
in the copper, and hj this plan we have made electrical castings 111 WW" 
high electrical conductivity was an essential. The favourite dcuxidisi"" ■ 
pfcoaphoruo, preferably in the form of phosphor-copper containing 1 B i"'' 
cent, phosphorus. An addition of £ Hi. to 50 lbs. of copper "ill p" 
a theoretical phosphorus content of 0*1(3 per cent. Contrary to what is die 
case for steel, the actual amount of phosphorus remaining in tin 
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less than that added, and will depend on the amount of oxygen preseut in 
the copper. 

Assuming a loss of about 50 per cent., which is not excessive, there would 
be about 0*07 per cent, phosphorus in the castings, an amount which, under 
ordinary conditions, is beneficial rather than injurious. 

Manganese and silicon act in a similar manner to phosphorus, and may be 
procured in either the ferro- or the cupro- form, the latter being used for 
copper, the former for alloys' in which the introduction of iron is not a 
disadvantage. 

In the case of nickel, oxide is most tenaciously retained by the metal. 
When making nickel castings the metal must be deoxidised t>efore pouring, 
arid the most suitable agent is manganese added as 80 per cent, ferro-manganese ; 
but, if the iron introduced is objectionable, then magnesium or metallic niau- 
ganese, such as the Goldschmidt metal, should be substituted. Not only must 
nickel, when used alone, be deoxidised, but also when employed as a constituent 
of alloys, such as German silver and nickel steels. 

Of the metals already dealt with, iron, copper, and nickel, the chief 
feature lies in the fact that they are readily oxidised, and the oxides formed 
remain in the metal, affecting its properties. Metallic tin will unite with 
oxygen at high temperatures, and will also reduce copper oxide, thus : — 
2Cu 2 + Sn = 4Cu + SnOg, the resulting oxide of tin being retained by 
the alloy. 

On remelting an alloy containing zinc, a certain amount of the zinc is lost, 
mainly by volatilisation or boiling off, the vapour burning into oxide (ZnO) 
"when it reaches the air, forming the beautiful " yellow when hot, white when 
cold," material familiar in blowpipe tests. The following example, in which a 
mixed alloy of manganese bronze was simply rcmelted in a crucible furnace, is 
instructive : — 





Original Alloy. 
Ingot Metal. 

.. 

Per cent. 
59-00 

0*58 
37-92 
1*40 
0*42 
0-48 


After Remelting. 
Sand Casting. 


Copper, .... 

Tin, 

Zinc, .... 

Iron, .... 

Manganese, 

Aluminium, 


1 
Per cent. 1 
68-88 i 
0*86 i 
23 13 
1*45 
0-23 
0-20 



The most striking features are the loss of zinc, which approaches 26 per 
~«nt. of the zinc present in the original alloy, and the loss of manganese, which 
t** nearly 50 per cent. The increase in copper is simply the result of con- 
centration. A change similar to the foregoing always takes place on molting 
* zinc alloy, and this change should meet with greater recognition than is 
Usually accorded it. 

Taking, first, a financial view, a glance at the analysis of the reinelted 
l&etal will show that its constituents have a greater money value than the 
bgot metal, owing to the higher content of the costly metal copper. But, 
although of greater value in a monetary sense, its properties are decidedly 
inferior to those of the original metal. The original metal would yield a 
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maximum stress lit i!"> tn 2$ tons per square inch, whilst the romettod metal 
would not exceed 15 tons per square inch. This illustrates the point, 
noted when describing alloys, that till high-tension bronzes fur siind castings 
should approximate fit) per cent copper :md 10 per cent, lino. Thi r.f. m -. 
before any one allov is mat, the amount of zinc tost during melting must be 
allowed for, if exact compositions urn required. 

Brassfoundry losses ore usually estimated on the total weight of the alloys 
bundled, and figures in the neighbourhood of from 6 to 8 per cent, result. 
This is misleading, and h much better plan is to ascertain which constituent^ 
of the alloys are lost, in order that the loss may be covered. Necessarily these 
osses must be determined for individual tut'iiares, IjiiI tin- following figure* 
obtained from a typical crucible furnace are of interest, hi conducting DM 
experiments the authors followed the usual plan of melting tin: copper under — 

charcoal and adding the zinc when the copper was sufficiently fluid to take it. 

The cnicible was then heated up to the requisite temperature, drawn, and _j 
east. The highest temperature reached is recorded in the following tnhle:- 




All-y. 


Highest 
Temperature. 


Zinc present in 
tlic Casting 


Loss or Zinc. 


Yellow brass, .... 

Quo nieUl 

Mnnti metal, .... 


1308" C. 
llfla'C. 
1178°C. 
1038° C. 


Percent. 
l!>-2 
•26-0 
1-8 
•10 6 


Per MM. 

as-fl 
M-l 
271 

I9'0 




The loss of zinc is calculated from the difference l»etweeu the amount 
■harged and that found in the castings, and is expressed in terms per cent. *"" 
the original amount of zinc present. The total weight of alloy melted wa* ,fl 
■neb case SO lbs. The result* clearly show that a standard loss of ziii< 
>e given, and also that the percentage loss of zinc is unaffected by the aim' 1 '" 
ai'sent. A glance down the temperature columo will show that the ili-te ,r 
mining factor is, under normal conditions, the highest temperature reac'l'*^ 
luring fusion, but, if the charge is kept an abnormally long time at a li»*? 
teuqierature, the loss will be greater. Whilst casting a series of moulds ""'.''^ 
i crucible of yellow brass, zinc oxide fumes are constantly emitted, from wli'*~. 
i would appear thai the content of metallic zinc would be steadily los-en*"* 
Plus, however, is not the case, and a wide series of tests have shown that l 
oss of zinc at this stage is practically negligible. , 

Taking a composition of the following order, copper 60 pec cent., uicL*-'' 

>er cent., tin 1 per cent., and zinc -W per cent., an applicati f ' 

irineiples noted would involve treatment as follows : — First melt the coj»P^ 
tnd nickel under charcoal, and deoxidise by the addition of - 5 per e'*" ' 
netallic manganese, draw the crucible, add the tin, stir, and cast into ii'^-' 1 ' 
moulds. These ingots are remeltcd under charcoal, zinc added Jlltu ' 
lecessary allowance for loss, and, when at (lie right heat, the uruciblti * 
Irawn and its contents poured into sand moulds. It will be obvious til** 
ill scrap of whatever nature should, on i. in.-h m LL . have h 
inns made to cover nine loss. Although it may seem that a little 
pace has been given to the questions of oxide and oxidation, still tlieir 
mportauee is such that ever) founder must perforce give them attention. 













:md only in this way can the full properties of alloys, especially high-tension 
brauee, be reached. 

GLvSO the right com posit ion, correct treatment in melting, with due 
reference to oxidation and a properly formed mould, then one would naturally 
expect the fullest properties the composition is capahle of yielding. This 
expectation is not always realised, as witness the following results : — 









j 


2 


3 


. . 






tons jwr square inch, , 
.■ill., on 6 inches, . 


IV 
19 


25 


21 
33 


29 

27 


20 
50 


K I Dilantin 


pet 



These tests arc all from ordinary grade phosphor bronze, and the composi- 
ion throughout is identical. The fact that from one alloy, melted and cast 
mder normal foundry conditions, a range in elongation of from 19 to 50 per 
«nt. is obtainable is sufficiently startling; but, in addition to this, we can 

lefinitcly stale that, with exception, the conditions of melting and casting 

rere identical throughout the series. Variations, such as the foregoing, have 
,d P. l.ongmnir to make a special study of the matter which, commenced in 
897. Is by no means complete yet. However, in broad iy viewing the case 
no must recognise that each of the stages adopted in the production of a cast- 
ng contributes its quota to the success, or otherwise, of the final product, and 
Isu that one sl;ige cannot be specially watched to the exclusion of others, 
"akhig the more general of these stages it will be found that the chief determm- 
*g conditions are :— 

I ■ I ' position of the metal or alloy. 

-. Nh'ihod of uieliiiiL', including the problems of change of composition, 
hworptiou of oxide, and influence of gases. 

;). Initial casting temperature. 

4. Preparation of the mould. 

-".'. Tin- presence of blowholes and mechanically- held foreign matter, such 
* sand, slag, etc. 

6. Shrinkage faults, due to inefficient feeding. 

7. Contraction cracks and stresses. 

8. After-treatment, in the cast- of white iron and steel. 

Willi the exception of No. 3, these determining conditions have been fully 
*»»iilered, and, in this exception, initial casting temperature will be found 
i ■ ■ tmrj variable in the phosphor bronze tests just quoted. It is only fair to 
'■ I iliit these te»t n are selected from a large number, and that No. 5 is an 
■ i mrmally high value. 

In modern foundry practice the governing conditions indicated are readily 

bj the exercise of suitable care. The greatest variable in a well- 

ised foundry operated under efficient chemical supervision is the factor of 

ig temperature. To it many mysterious failures may be attributed, and 

ttttjbethat in the case of cast-iron the transverse test is .>■ few hundred" rights 

">rt: or with steel that the elongations and (tending angles are too low, 

■cs mysterious hiilnres are chiefly shown under water or steam tests, 

■*$ U apparently perfect easting will leak or sweat under pressure. Such 

ires are eieoedinirly vexing in the case of boiler mountings, and frequently, 
■ series of castings poured from one iiucible under apparently identical 
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(■■'iKlilii'tn. DM 6f two will leak, whilst the majority iire sound. This appealed 
powerfully when making high-pressure steam and hydraulic fittings, and 

atU'iition to cristiti.i; tcniTierature led to it very considerable reduction in the 
waster* (H) testing. Some years ago, when conducting experiments on this 

question, we also observed that the temperature of the metal, in the ease of 
chill oastrags, had an effect on the depth ol chill, but subsequent Riparian 

clearly showed this as pout to !».■ of very much less importance than that of 
effect on mechanical and w at. :r- resisting pro- >erties. Some e\:i<-l lignvos 
been given by Longmuir in the Journal of the Ir.m ami Steel Inttttvte, Ni 
[9fl3, mid No. 1, 1904. The results there given were obtained by studying I 
aeries of alloys and the effect of varying casting tcmiwratures on their 
mechanics] properties. The temperatures were measured by ineaiu otf 
thermo-couple passing directly into the moulds. Fig. 246 shows the plan 
Followed; and the Use of cold junction, switehlHiard, etc., will be under 
after i study of Chapter XXX). 

The rcoults obtained from a few I \ pbul alloys are embodied in the folli 
ing table :-- 



Alloy. 


Cu. 


Zu. 


Sn. 


No. 


si 

if 

1 


i 4 




I! 

II 












f 1 


lira 


8-38 


5-B 


4 -a 




Gun metal, 


87 'S 


1-80 


10 -20 


1 3 


1069 


14*84 


14-S 














\ 8 


985 


1102 


5-0 


... 












{ * 


1183 


11 '48 


37-7 


M'i 




\ allow brass, . 


73 C 


38-0 




{: 


1020 
SBC 


ia-71 

7-46 


43-0 
15-0 


Ml 












| 7 


1308 


8 -SB 


13*2 


186 




Red brrtas. 


89 '8 


W3 




1 " 


lt)73 


12-A5 


26-0 


303 












1 » 


1058 


5-67 


5-5 


M 












18 


1038 


13'46 


6-0 


10-i 




Muntz metal, . 


B8'6 


40 e 




973 


18-89 


16-0 


16*1 












In 


913 


16-29 


9-5 


14-8 





In each ease every eonrlitiou, other than casting lein]>eral lire, wan identic 
s|M'cial efforts being made to obtain uniform moulds and uniform rates c^ 
pouring. Pattern runners and gates were used in order to minimise «n — 
variation due to hand-cut gates. 

In considering these results it may lie well to recall specification (or pfl ■ 
iniiul castings, vi/.. maximum stress 14 tons per square inch, elongatiuti ' i 
per cent, on J in. 'lies. These rc<-uiremcnt.s are met by No. 2; but No. I- 
cast only two minutes before, and No. 3, cast two minutes latci ri. 
would must certainly meet with rejection. The elongations in eaeh case from 
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ire worth special notice, and it must be re me ml* red that the only 
is thut of initial temperature. 

■jusly, in the ease i>f a uiisrun easting, if it is not due to the mould or 
nethod of pouring, the mating temperature is at fault ; but the 




FlO. 246.— Method of Measuring Casting Turn peiat lire. 

iveu, and those to follow, all represent variations within tin- range oJ 

luidity. 

Bonjparieoii with Nob. 1, 3, and ;i, ire extract the toUowing remit* 

Itge (series of cumiiiereial experiments: — 



.1 inter- a IV2 
from one 6 17-0 



i 



bi 






Cast at intervals within 
the range of fluidity 
from one crucible. 



e repreeenl Admiralty (nude gun-metal, melted and cart under the 

ilitiim- ..( Foundry practice, the ttrst set showing high, fiiir, nud low 
judged by the eye of an independent observer, and the second el 
tine; U'iiij«.'riitiiiv> ;,* judged vi»nally to give erratic remit*. 

□tained From eimiPiiTciallv pure metals are embodied in the 
f table :— 
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Metal. 



No. 



O 

e 

a 3 

on g 

as, 

E 
H 



S tO m 

see 

SO e8 

CO 



9 



c a 

B ° 

^8 



I 


118 


580 


.1-80 


Zinc. . . < 


119 


528 


1-81 


1 


120 


491 


1-37 


f 


121 


725 


4*48 


Aluminium, . -{ 


122 


691 


5 62 


I 


123 


662 


5*12 



25 

8'5 
5-0 



Copper, 



■{ 



124 
125 
126 



1500 
1446 
1141 



6*60 
7*80 
8*80 



8'5 

110 

8-0 



Copper, 



Copper, 



■I 



124A 
125A 
126 A 



4*52 
6*86 
8-51 



8*0 

100 

8-0 



Remarks. 



Poured at intervals fit 
one cruoible. 



Poured at intervals fa 
one crucible. 



All from one crucible. 



Companion bars of Nos. 1 
to 126 heated to 646° ' 
and cooled in air. 



■{ 



124B 
125B 
126B 



5*80 
8-36 
9 04 



9 
15-5 
10-0 



Companion bars of 124 
126 heated to 543° < 
and quenched in water 



The particular feature of this table is, that, in the case of copper, c 
panion bars submitted to equal after-treatment are not brought to one le 
In the case of lead the variations due to casting temperature do not surv 
for it was accidentally discovered that by the lapse of time an apparent 
crystallisation obliterates the variations. The following results are typical 
the work done on commercial lead : — 



No. 



127 
128 
129 



130 
131 
132 



133 
134 
135 



136 
137 
138 



Casting 
Temperature 



566 
426 
356 



580 
430 
360 

580 
430 
360 



575 
450 
370 



I Maximum Stress. 
p Tons per 

' ! square inch. 



170 
1-71 
1-64 

1-13 
1-43 
1-30 

1*44 
1-46 
1*46 



1-41 
1-47 
1'51 



Elongation per 
cent, on 2 inches. 



40-0 
40*0 
35-0 



180 
35*0 
42*0 

30*0 
37 5 
46-5 

20*0 
35*0 
50*0 



Remarks. 



Tested some time aft 
casting. 



Tested the day folio 
ing casting. 

Companion bars 
130-132 tested thi 
months after castir. 



Tested six days aft 
casting. 



The work carried forward to cast-iron has shown very similar variations 
those obtained in the case of alloys. The following results are typical of g 
iron castings : — 
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No. 



37 
38 
39 



J 



C.(\ 


Or. 


Si 


Mn. 


8. 


P. 


0-52 


3*40 


1*78 


0-28 


0*04 


0*27 


»» 


>» 


»» 


>) 


i> 


ii 


»» 


i> 


i» 


t> 


i* 


ii 



Casting 
Temperature 
C. 



1400 
1350 
1245 



Maximum 

Stress. Tons 

per square inch. 



97 

141 
10*6 



These particular results are from grey cast-iron melted in a crucible. We 
have obtained similar variations from cupola metal, and, in particular, recall a 
aeries of transverse test bars, poured from one ladle, the highest result being 
35 cwta., and the lowest 23 cwts., on a standard test piece 3 feet 6 inches x 2 
i nches x 1 inch, placed on supports 3 feet apart. 

Results obtained from white cast-iron may be typified by the following 
oxamples: — 



r .. ! As Cast, 

juasnng , Maximum Stre89 

Temperature. T(m8 in 



Annealed in Ore. 



Maximum Stress. 
Tons per sq. in. 



1320° C. 
1230° C. 
1 120° C. 



107 
15 9 
121 



20*6 
29*2 
26 5 



Elongation on 
2 inches. 



Heated to above 
1000° C, and 
slowly cooled. 

Maximum Stress. 

Tons per sq. in. 



1-0 
3 5 
2 



18-6 
24-0 
21*6 



The analysis of the iron "as cast " was as follows : — 

C.C. 3-40, Si 0-39, Mn 0*05, S 0*02, P 0-02. 

The improvement in properties due to treatment will be noted, neverthe- 
if 18 ** ne ^ >re& ^ e ^ castings have not reached one level. Thus, in spite of the 
ciiemical changes induced by annealing in ore, and the complete structural 
r ?^*'*'angement, the influence of casting temperature still holds good. It will 
^° be noted that the castings treated by the short anneal also remain a 
re *^-tiive distance apart in properties. American blackheart castings, poured 
*** <iifferent temperatures, but otherwise treated alike, have shown similar 
va,r i«ttions to those of the foregoing heat-treated metal. 

. Tn the case of alloys, the comparatively low fusibility gives an exceedingly 

Wl <ie range of casting temperature, but as the melting j>oints rise the practical 

ra,l ^ge of fluidity is narrowed. Thus, steel with its higher melting point does 

no ^ in most furnaces offer the same range of variation as is to t>e found with 

ca ^-iron and alloys. Taking crucible steel first, it is well within the range of 

r^^ibility to cast a hard tool steel at too high a temperature, but, under 

^f^fcary conditions, mild steel by the same process can hardly l>e overheated. 

rairly gimilar conditions hold good in the case of open hearth steel, for the 

Bolder the steel, the less the clanger of obtaining excessively high casting 

temperatures. The surface-blown Bessemer converter gives, of the three 

ttsthodg, the greatest range of fluidity, and, therefore, the widest range of 

c **ting temperature. If, in the case of mild steels, the probability of exceeding 



governing 



casting heat is remote, it would appear that casting temperature, as a 
ling condition, is of comparatively little moment. For example, the 
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following testa do not differentiate between the properties of two seta of cast- 
ings poured from one crucible at two distinct temperatures : — 
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These results are practical]}' identical, mid might lie duplicates of th e 
same steel. Bending angles of the two steels, as east, were identical. Aftc" — J 
annealing, the tirst steel lient through an angle of ISO", and in doing so de^*®" 
veloped no flaw. The second one, annealed simultaneously with the first one^^^' 
fractured on reaching an angle of 105°. Other tests on similar iow-carboi^^ 1 
crucible steels, where the fair casting heat can hardly l>e exceeded, show tha-~ ■* 
differences in casting temperature do not result in any marked differences it-^* 1 
properties, as shown by the tensile tests. Harder types of crucible steel shot* 1 *~ r 
differences under tension -tests, but such types are beyond the range of ordinarjrf^S' 
foundry products. Generally speaking, open hearth steels follow the sam^^" e 
order as crucible steels; but when the range of fluidity can be widened bj^^J 
obtaining higher initial temperatures, then the influence of varying castin^^EK 
temperature is decisively shown on the tensile properties of the resulting Hteel^s 1 ^. 
The perfect fluidity of low-carbon steels from a surface-blown converter has — *■ 
been shown in another chapter, and this fluidity necessarily involves high iniliii i— ~" 
temperatures. In order to investigate this wider range, Messrs. D. Kennie ^R^* 
Co., Glasgow, have conducted many experiments for the authors, employing* ¥ 
for the purpose a 2-ton llolwrt converter. All conditions, other than castings -P 
temperature, were identical, the analyses of the cold castings agreed exactly, an-^^- " 
annealing conditions were perfectly comparative for each series of castings. Th -^ e 
following results represent four sets of eastings poured from one ladle within " 
a few minutes of each other. The castings are in the annealed condition : — 
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The fact that castings poured within u few minutes of each other *nd 
from the same ladle yield elongations rising from 9J per cent, to 24 per cent, 
and falling again to 8 per cent., is of some moment to steel founders working to 
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a specification. As a further example the following results are given, the nine 
being obtained from antieitled castings:—- 
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It is hardly necessary toipLote further results : the two sets given are typical 
and should be studied in conjunction with those yielded by the crneilile steels 
Such comparisons as we have made between crneilile and surface-blown stoel 

-how thtit, with a liiw-earlmn and light castings, surface-blown metal alway 
stives thu liest elongation und liendiug angles. This is suggestive, imd, so far n- 
steel outings are concerned, would indicate that the best results are obtained h} 
having 11 high initial temperature and cooling down in the hidle until the righ 
casting heat it) reached. This is certainly the case with cast-irons, brasses, aiu 
bronzes, and we have found in practice that the best results were always nbtamei 
by melting hot, drawing, or tapping, and allowing to cool to a suitable heat. 

A recognition of the fact that there are high, fair, and low casting heat 
within the range of fluidity for the majority of foundry alloys and metals wil 
remove many of the vexatious associated with speciti cation work. The fai 
heal lit" any natal or alloy necessarily varies with the contour arid weight o 
tie- ea-tiiig. bill by associating a certain appearance of the molten met*] wit] 
h given type of casting and its resultant mechanical properties, invaliiatik 
to the influence of varying easting temperature is obtained. The know 
edge is necessarily intuitive, but it is a comparatively reliable guide, and it 
•xereiso will lead to more regular results. It should be noted that in visualb 
ltdging the heat of alloys containing aluminium, the deceptive appearance o 
he .-biggish skin. L'raphi.ally described by one inciter as " like mutton fat," mus 
, ■ :. Hi iwed for. Such alloys often appear much colder than is actually the caw 
Finally, one word on brittle steels. It will lie remembered that, in th 
tuu! of the mild crucible steel, tensile tests did not distinguish between th 
w.i heats, although sunn- diflerence in behaviour under Wilding [est wa 
egiatared. This steel wan no( overheated, a statement also applicable in ih 
jllowing results obtained from crucible steel of slightly higher carbon : — 
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In the alternating-stress results it will be noted that No. 98, even after 
annealing, does not quite reach the value obtained from 97 in the cast 
condition. Here, again, tension tests do not differentiate between the two 
conditions, either as cast or annealed. In this fact lies the significance of the 
results, for, if with mild steel not overheated, but cast at too low a temperature, 
the usually accepted tests do not select the brittle samples, there may be risk 
of a dangerous steel going into service. This aspect is extremely suggestive 
and well worth further inquiry. 

It is by no means intended to advance faulty casting temperatures as a 
source of all mysterious wasters, for, in view of the many influences at work 
during the production of a casting, such a procedure would be absurd. When 
studying variables, every condition, other than the one under investigation, 
must be as nearly constant as possible. For example, when investigating the 
tensile properties of a series of alloys, every mould, each gate and height of 
runner must be uniform throughout the series, and the fluid pressure on each 
casting, due to the depth of molten metal, should be the same. Further, the 
moulds should be rammed to a uniform degree of hardness in order that 
contraction stresses shall be approximately equal in each case. \V. H. Hatfield, 
in a recent communication to the I.S.f. Journ., 1906, II. pp. 157-188, 
has shown that, experimenting with a series of extremely pure cast- 
irons, he does not obtain similar variations to those of P. Longmuir. The 
reasons for the differences in mechanical properties produced by varying 
casting temperature are not yet properly understood ; and as both these 
investigators are continuing their experiments in this direction, but on diftereut 
lines, a careful comparison of their future results may help towards the 
discovery of the fundamental cause. In conclusion, so far as any given grade 
of metal is concerned, if, in the first place, the composition is right ; in the 
second place, oxidising influences are avoided or neutralised ; in the third, it 
has been brought into a suitable condition with regard to gases ; and, in the 
fourth, a suitable casting heat is chosen, then, under normal conditions, any 
resulting failure will not be due to the metal, but must be traced to the 
mould. 



CHAPTEE XXXVIII. 



NOTES ON FOUNDRY MANAGEMENT 

ksskai.lv speaking, the production of good castings at an economical rate 
demand* good equipment in the foundry ; but, however neoownry good tools 
may be-, they are useless if mated with bad management and correspondingly 
poor organisation. In this respect an old-fashioned or even antiquated 
Foundry, if managed by a good head, will compete with the moat up to date 
plant, if that plant is under the charge of an inefficient manager. This is 
only mother way of saying that each tool, whether new or old, should lie so 
managed as to produce its maximum amount of work. Amongst tho tools 
so-called, none are more important than the skilled men of the foundry, and 
it is manifest that any valuable tool is only profitable when engaged on the 
ivurk !''■! which it ii specially fitted. Moulders do not make good lalmurers, 
Hid e moulder is only profitable when actually moulding. Therefore, any 
scheme of organisation will endeavour, in the first place, to relieve all skilled 
labour of work which can 1>e done by unskilled labour ; in the second place, 
it will endeavour to obtain from each unit or ti-il its fullest output ; sad, in 
the third place, will arrange a definite sequence of operations by which no 
Unnecessary ground is covered in the progress of the work. 

Sim < i -si'ul foundry management is largely a human question, and tho 
temperament of the individual exercises a considerable effect on the result. 
However, excluding |iersoual idiosyncrasies, we may examine some of the 
l>roud aspects of the matter, and the first 'piestion arising is that of dual 
Control or divided responsibility between chemist and manager. I'uder certain 
■•ondili'ins this plan may prove successful, lint in the majority of cases it will 
fia.il, and fail hopelessly. Under normal foundry conditions no one of the 
vnrious stages followed in the production of castings can lie neglected. Kadi 
Mtiige must be given its due share of attention, and it naturally follows that 
Lite head "f the concern must be familiar with these stages and their relative 
importance. As faults may arise from mould or metal, it also follows that the 
e:la*taisl, if he Ije I'esjK-nsihle fur tin' lnetal. ought t" |*>s.ip>ss a good knowledge 
<*t" furnace working and of moulding, in order tn applv his chemical knowledge 
Uj Ha- particular needs of the case. On the other hand, a foundryinan should 
hM.'ve a Knowledge of the metals he handles, which implies that he is abb- to 
■nfettpret and use results supplied by the chemist. Therefore, if it is essential 
">«t the chemist, be familiar with foundry practice, and that the foundryman 
■*■ ottniliar with the metallurgy of the particular metals handled, it is obriooa 
"Wattwo such heads with equal, but divided, responsibility would not lead to 
'"•riiiiuijoiiH organisation. There must la- one, and only one, responsible bead. 
''■"J I'lperioncc shows that the best results follow when that head is a practical 
'"'ludiMiian equipped with the requisite metallurgical knowledge. Such a 
369 U 
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man will readily avail himself of the chemist's results, and, with the aid of fc» w 
melting and moulding experiences, translate them into efficient eastings. 

Given a large foundry, toQowitig the three branches of moulding, ws fir ■ ' 
a good scheme of organisation in the following : — 

Foundry Manager, 

L 



Pattern stores. 
Metal stores. 
Foundry stores. 



Green sand. Dry sand. 






Melter. LaUmrer. 




This subdivision removes detail from the hands of the manager, but at tli^^** 
same time leaves him responsible for the efficient supervision of the whole "*" 
The duties of the foremen in the moulding sections are fairly obvious, but, iut 
the ense Hi' smaller foundries, dry sand and loam would 1* combined andfc^ 
placed under the charge of one man. The foreman dresser supervises thct^ 3 
effective cleaning: of the castings and grouping them into their respective ■ ^-=*' 
orders for delivery, if a series of furnaces are employed, then a charge- --- 
hand becomes necessary : and his duties lie in keeping furnacemen and^^^' 
furnaces in efficient working. 

The term unskilled lalxiur has been mentioned, hut, as regards to 
work, this term is relative only; for every operation demands some skill 
Hence, where a number of laimurers are employed it will lie found advisaUt 
tn have them under the supervision of a charge hand. This is 
value wln-re fangs arc employed in knocking out lwixes, digging and ruimnm^-*! 
pita, etc- Under such a system a raw recruit is soon brought into line wilt** 

the rest, and the nett effect is shown in the systematic assistance rendered t« 

moulders and curemakcrs. 

The duties of the clerical staff' vary, according to whether the foundry ^^ 
a constituent part of a works or an isolated unit. Generally, they compri^^" 
the ascertaining of laliour and material costs and recording them in due fom^=J 
'i'lie duties of dispatch clerk are : weighing and forwarding completed urdcr » 
with rlue attention to the clerical work involved 

Under this scheme it is the chemist's duty to provide the manager «ie^-l' 
analyses of raw materials entering the foundry. Here it maybe aoti 
with the exception of steel, comparatively few foundries handli- .1 
volume of work to warrant the retention of a qualified chemist, An m 
chemist is worse than useless; therefore, unless the volume of work is W^ 
large, the analyses required are obtained from private laboratories. 

The foregoing scheme is essentially simple in character, and is based on tt» * 
well-proved system of having one head solely responsible For In- department. l>" * 
providing him with the requisite assistain.'e lor the conduct of thatdep 
This assistance will naturally vary with the volume of work has I 
in a small foundry will be nil. The following details arc worthy of note:— 

Foundry Stores. — Given plenty of vard s]iacc anil L r i 

systematic stnritL-' is an easy problem. Pig-iron should be stacked in grade* 
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arranged with ;i new to feeding the cupola hoist. Sand stocks may be 
planned so as to be almost self-feeding to the sand mills. Moulding -boxes 
and loam plates are more difficult to arrange systematically, hut, provided 
the yard space is ample, they can lie stacked according to si m- or type and 
each group arranged to l>e accessible from at least two aim. Tin- systematic 
storage of pig-iron, coke, sand, and boxes, is, as a rule, well recognised, and 
therefore no further comment is necessary. The systematic storage of 
sundries, such as sprigs, chit pie ts, facings, etc., is net recognised, and usually 
these materials are distributed at haphazard in odd corners of ihe fniiiidry. 
With ■ large foundry an internal foundry stores will not only lessen the 
W&Btage of material, but will also contribute to ihe smoother working of the 
foundry as a whole. In such a case, the storekeeper is held responsible for 
all small tools, special slings, etc., not regularly in use. All moulders' tools, 
shovels, riddles, etc., are issued by the storekeeper, and a new man on 
■Urttng can be at once supplied with a full kit and immediately started to 
work. The wages of this storekeeper may seem an unnecessary expense, but 
in a foundry deploying a large number of moulders this expense is easily met 
liy the more legitimate use of sundries, and is far more than offset by the 
tmoother working of the Foundry. 

In the case of allocs, lock-up stores are an essential, owing to the higher 
ntrinsic value of the metals, such as copper, tin, etc. Here the system of 
itorekeeping must be such as to show at once any illegitimate leakage. 

Pattern stores are usual to all classes of foundries, and no difficulty should 
found in methodically arranging the patterns in easily accessible positions. 

Foundry Costs. Methods of costing have n<m l.eco dovclojH'd to such a 
ittdi that one is almost afraid to venture into a field so ably filled by that 
rolitic writer, the foundry accountant. However, the man in the shop is 
Ften anxious to test his work by the cost of its production, and usually the 
ictor of greatest moment is the labour cost. This is, of course, distinct from 
rime cost, that is to say, the cost of individual orders, for such work very 
roperly belongs to the accounting side of the management, and details are 
Mom worked out until too late to be of service to the foundry manager, 
urther, prime cost details are often worked out from the time-records kept by 
16 rjUU working on the orders so treated, records which are in.t alwaysraliaUa 
uides. The following notes give h plan personally found to !-■ of ntfuq and 
re drawn from an article by P. I.on^mnir in The En-juf- 
eptemlier 190l>. A form of lalsiur cost analysis often adopted is as follows: — 

Wkbk Ending 16th Fehkl'aht. Output or Good Castings, 38 J Tuns. 
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From h foundry manager's point of view this form in defective, 
not indicate the cost of various classes of moulding nor thu apportionment 
the charges due to labourers. The output given is that of a foundry doing 
machine or plate moulding, but engaged on a general class of work in green 
sand, dry sand and loam, none of which, however, is of an exceptionally heavy 
character. Dividing the work into representative classes and apportioning 
the unskilled labour an employed Wy each class, we get the hundredweight 
coat, lis in the following table. ' 'wing to inherent difficulties, coreinaking omM 
not be distribute"! in this nianner, ami is. therefore, regarded us a factor of the 
whole output. General labouring No. II includes such lultour as is not directly 
chargeable to one class of moulding : of this there is always a fair amount in 
every foundry, and it is essentially lalsinr from which all classes of moulding 
benefit, but not necessarily proportionately. 
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The value of this analysis lies in the fact that it at once shows any d< _ 
nient in which costs are abnormal. The chief disadvantage of the avei 
factor shown in the first table is that, by it, the good features of 
may lie neutralised by [be bad features of another .section. The good work of 
the profit-making section is thus lust sight of or swallowed by the DQB-pnfil 
producers, and. assuming that the profit made by the former be such us when 
distributed over the whole to show fair working, then the backwardness of the 

latti'i may escape detection fur :i considerable peril k.1. 

Weekly cost factors may be plotted in the form of curves which graphically 
show the progress week by week of each item of labour cost. The success of 
detailed cost analysis ami graphic representation lies in the fact that it instantly 
and almost automatically directs the attention of the responsible man to 
weak places of his department. 

Where the wages books are not made up in the foundry office, or wl 
they are uot accessible to the foreman or his clerk, then weekly output charts 
may be plotted, which to some extent show the conduct of the department 
It should be recognised that the capital invested in any foundry demands a 
definite return, and in this ease the return may be very conveniently regurded 
as the production of a certain weight of castings each week. The weight 
necessary to yield this return may be arrived at by careful survey of past 
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working for as long a period as possible. A higher output is recognised as 
good working, and a lower one is fixed which represents the amount necessary 
to meet nil charges and keep just on the margin of profitable production. 
Thcsi: three figures once eat minted may lie regarded as comparative standards, 
and distinguished on the charts as "good working," "caution," and "danger" 
lines. Such charts are easily plotted with ordinates and abscissa* of time 
(weeks) and output in tons or owtrs. The three standard lines are ruled across 
in red ink, ami the proximity of the output line to any of the standards is an 
index of the progress of the foundry. 

Viewing the matter in the light of output only, it is readily apparent that 
a found rj* may be producing eastings at a very low labour cost, and yet l>e work- 
ing at a decide*] loss. Thus, if the output is constantly below the danger line, 
no matter how low the cost of production may be, the establishment is working 
at a disadvantage in that capital costs are not being met. Taking an 
extreme view, an establishment fitted to produce 50 tons of castings per week, 
and only turning out one ton, will be working at a loss, even if that single ton 
is produced for nothing. ,\fiiterial costs may l>e detailed out in the manner 
advocated for labour costs, but these are usually worked out by the accounting 
department. The foundry manager or foreman is chiefly concerned with 
his labour costs, and. at regular pi-rind*, he should ascertain tin- exact cost of 
«ach class of labour in order that the comparisons so obtained shall form a 
guide to future working. 

Having mentioned costs it may be well to state that low production costs 
do not necessarily imply economical castings. The condition of a metal in a 
casting, the method adopted in its production, and its requirement of the 
maximum or minimum of machining are strong factors in determining 
• 'coiioiuy. Taking the last factor, that of machining, if a slight increase in 
foundry costs results in a large decrease in finishing costs, such an outlay 
obviously contributes towards economy- The majority of castings form parts 
■ aily of a complete structure, and the work put on each part, after leaving the 
foundry, is often of a costly character. Therefore, a low' cost of production in 
the foundry should not be at the expense of a high finishing cost in the 
•nachine shop. This is another example in which trained judgment must be 
exercised, for, in certain cases, although foundry costs may be high, ultimate 
<;osts may be low and the foundry working on a really economical basis. This 
true economy can only be obtained by a combination of good moulding and 
* Metallurgical practice, both of which have in their various aspects been fully 
<jen.lt with in preceding sections. However, in conjunction with the foregoing, 
We may specially note an aspect of the question of economy having a more 
direct bearing on brassfouudry practice. Here, owing to the high cost of 
the constituent metals entering the alloys, greater and more stringent super- 
vision is required than in the case of iron or steel. Losses by volatilisation 
have Is'Cu treated uf, and have been shown to have a twofold import&Ooe, with 
rnrrard to (a) the properties of the alloys, and (6) the cost of the alloys. As these 

losses are usually confined to zinc, anil as this metal i- c |iaratively cheap, 

it i- obviously more economical to make i_ r '""l the zinc Inns than to allow the 
comparatively costly metal copper to increase by concentration. Other 
inetallic losses in the brassfoundry are found in the form of shot metal, spilled 
"hen casting, or in the ashes of a crucible furnace. The latter are a fairly 
valuable commodity, and may l>e sold ut from IS lo I" *hilluij.'s per ton. If 
carefully picked over and washed by hand, the refuse will still sell at from 7 
shillings per ton. Should the volume of ashes lie large, it will r — ' 
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put down a grinding and washing plant, thereby recovering the whole a 

practically the whole, of the metallic value. Sweepings from the dri's-.in; ^ 

shop are treated as ashes. 

Losses due to unsteady pouring, tilling a gate tin full, nr nnvk'si skimming ~^ — :. 
can he largely avoided liy effect i ve supervision during easting. 'flu 1 l-'-i ■ ■ 
treatment given !•■ borings and turnings from the machine shop is to [in- t r~ ' 
them through a magnetic separator ami deposit them all in one bin. When *=»= a 
iufficwnl qaantity has- accumulated, they are melted down, together with the^^ne 
metal recovered from the washing plant, and cast into ingots. The ingot — jrt- 
are generally used for tlie lowest quality of brass castings, or, at the best, onrj ^ - M\ 
in admixture to give second or third quality allot. As the intrinsic value oB«u«jf 
borings may nxy from S penes to 10 pence per [b., this method of indiscrmi- *_ mi _ 
inn to mixing does not take full nd vantage .if the mure valuable parts. The*.*:,,, 
fiilKiwjiijr system i if classification has been ptuviil to he a i_'f « " i one. and tvaa _jr 
advocated by I'. I.ougmuir in Tin' h',n'jhi--:rtii<j Ibtuw for October 1901. 

Let it la' assumed that the output is such as to give a return to tli» . 
foundry "f lo mis. nf borings per week, that the value of these is 10d., Bd. K 
and 6d. per lb. respectively, and, for convenience, that equal quantities I ». 
each quality are produced. Under the usual conditions of iiidisvriiuiii'iO— j 
miring, these hiring* would, of necessity, take their value from that of t! gfe 
cheapest grade present, that is, 64 per lb., or a total of £42. 

if classified into their respective qualities: — 

Eowts. atlOd. peril. £23 fl 8 



I 






or a difference of JE14. 

The melting down, in either case, will be the same, and against the J^_ _, 
there is the cost of classification, which should not, in any case, exceed ^fc-" " 
thus leaving a clear gain of -£12 on 15 ewttt. of borings. One handy i> * "J 
Stationed in the machine shop can collect the borings or turnings from l- ;B - 
machina before a change of work or different quality metal is put * 
Copper and white metal borings or turnings are in the same manner Ua* - " t 

away ft each machine before changing work. The same man passu *i 

borings through a magnetic separator, ;i i n i delivers them to the font** ; 
storage bins. In the foundry the borings are melted down as occasion M9T "*■' * J 
say in two or three ton lots in the air furnace, anc leases are made good, ' 

the ingots are equal to the original alloy. „j 

Many white metals used for lining up bearings contain a minimum of 
per cent, tin, These turnings, when separated, can lie used as a means* 

adding tin t» a mm->peciticatinn alloy, and alloys so made up will In; fmiin- ' 
give very fair results. The dross and skimmings from the white metal s' a *~" 
may be reduced by charcoal and sodium carbonate, and will yield as imicl' J 
70 per cent, metal, consisting chiefly of tin with small amounts of copper ■'* * , 
antimony. If antifriction alloys containing lead are used, more of leu I-' 1 ''', 
will lie present in the recovered metal. The dross is better when 
down in fairly large quantities in order to obtain uniform batches, which ■ -" ' 
analvsed and subsequently alloyed according to the analysis. 

These examples indicate the opportunities for intelligent ami 
application of metallurgical knowledge as connected with alloys 
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ilags, oxides, ashes, and, at times, even the very sand heaps of a foundry, offer 
>roblems that will yield profitable solutions. 

As a final word on foundry management, we would say, that whilst the 
organisation should l>e as near perfection as possible, it must also be re- 
uembered that foundries are intended to produce profitable castings, a feature 
vhich demands certain elasticity. Red tape and mere officialism must be 
igorously avoided ; and, whilst at all times strict discipline must be main- 
ained, that discipline should be tempered with judgment. Sympathetic nian- 
-gement is the most successful ; sympathy including firmness and justice for 
he men, sympathetic treatment of plant and tools, and a full appreciation of 
he metals handled. 
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11 ACID OPEN HEARTH MANIPULATION," 
303. 

Acid open hearth process, 299-304. 

refractories, 229-231. 

treatment, 195. 
Additions to top parts of moulds, 104. 
Admiralty requirements for bells, 321. 

specification for gun-metal, 178, 322. 
Air belt or wind chest on cupola, 247. 
Air furnace, 239-242. 

fuel consumption and regulating draught 
in, 241. 
Allen, Edgar, k Co., Ltd., 305. 
Alloy, definition of, 317. 
Alloys, 317-328. 
Alternating stress test, 336. 
Aluminium bronzes, 324. 

properties of, 314, 315. 
American blackheart, 352, 353. 
Amorphous carbon, 264, 352. 
Analysis of cast-iron mixtures after melting, 

252. 
Annealed metal, 263. 
Annealing carbon, 264. 

of steel castings, 289-295. 

oven, 265. 
Antimony, properties of, 315. 
Antique bronze, 169. 
"Aquafortis," 319. 
Arnold, Prof. J. O., 210, 221, 244, 287, 289, 

290, 338, 340, 346, 348, 356. 
Arnold k M'William, 291. 
Assay or experimental furnace, 237. 
Automatic ramming machine, 130. 

stove using oil fuel, 151. 

Babbit metals, 325. 

Band saw, 195. 

Barba's law of similitude, 335, 336. 

Barnes, S. £., on drying stoves, 150. 

Basic open hearth process, 304. 

refractories, 231. 
Bauerman, Prof. H., on the crystallisations 

of antimony and bismuth, 315, 316. 
Beam, heavy lifting, 58. 
Bearing brasses, 322. 
Bedded-in moulds, 150. 
Bench moulding, 122, 123. 
Bending test, 332. 
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Bessemer converter, 235. 

Tropenas, 307, 308. -c^36 

Bessemer process and its modifications, -^^* J0 » 

304-309. 
Best Staffordshire iron, 211. 
Binding bar, 184. 

core, 114. 

outside, of loam mould, 160. 

methods of, and tackle, 184, 185. 
Bismuth, properties of, 316. 
Blackheart, 263, 267, 352, 353. 
Blackheart and malleable cast-iron, 263 — 
Blacking, 27. 
Black metal castings, 263. 

•wash on cores, 71, 119. 
Blast main, 247. 

pressure for cupola, 247. 
for Tropenas process, 807. 
Blear red heat, 179. 
Block casting, 82. 
Blowing cored brass castings, 194. 
Blow-holes, 108, 205, 206, 855. 
Blown casting, 109. 
Bod, 246. 

stick, 260. 
Bone dry mould, 146. 
Boss pattern, 163. 

Bottom-blown Bessemer castings, 356. 
Bottom plates, 155, 1 66. 

pouring, 300. 
ladle, 40. 

with side gates, 203. 
Box burn, 180, 181. 

boxes- 
Box with enlarged end, 47. 

Column box, 46. 

Flanged box, 46. 

Floor moulding boxes, 44. 

Heavy type of box, 46. 

Hinged box, 47. 

Moulding box pins, 43. 
boxes, 42, 123. 

Nest of boxes, 43. 

Register front box, 48. 

Snap flask, 50, 123. 

Special box, 49. 
Brass castings, 171, 198, 199. 
Brasses, 317, 318. 
white, 320. 
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; metal, 318. 

t£ pig-iron, 887. 

:ing strain," 9. 

plate of cupola, 260. 

on soundness of steel, 303. 

steels, 367. 

i, 319, 320. 323, 324. 

a, J. D., Winder, A. B., and, 289. 

lg, 204, 205. 

an on cupola management, 261 

204. 
g plate and rings. 62. 

on pyrometry, 271. 
,179. 

?, 179-182. 
181. 
lay, 228, 232. 

ATION OF MIXTURES FOR CAST-IRON, 
-259. 

ion of pyrometer, 275, 276. 

; intensity, 15. 

•, 16, 16. 

11, H. H., book on steel, 215. 

ity, 11. 

s of iron, 8, 215, 218, 263. 

amorphous, 264, 352. 
ling, 264. 
ined, 218. 

243. 

dtic, 218. 

nee of, on iron and steel, 287, 288, 
>. 

n-iron eutectic," 347. 
th hematite, 216. 

er and Longmuir on melting pure 
i, 356. 
g tongs, 38. 

e irons with dabbers, 73. 
i for plate moulding, 126-129. 

breaker, 198. 

tions necessary for success in. 361. 
ebank, 201. 
iratures, 361-368. 
i of unequal section, 170, 171, 206- 

iation of chills for, 170, 171, 208. 
n, 211-227. 
gs, 263. 
, 169-175. 
mottled, and white, 214-217, 348, 

• 

ires, influence of remelting on grey, 
; on white, '264. 
g by analysis, 251-259. 
te, 215, 348. 
of con traction, 170. 
ing, 57. 
hook, 59. 

», 111,112, 113, 177, 205. 
>f yellow brass, 241. 
g, hot or cold, 242. 
rod Grenet's conclusions, 268, 269. 
ry, 8. 



Chill moulds, 73, 160, 175. 

tread, 173. 
Chilled rolls, 172-175. 
Chilling, 169, 172. r 

irons, 172. 
Chills, 169, 172, 175,176, 190. 

application of, for castings of unequal 
section, 170, 171, 208. 
Chocking, chocks, 36, 90. 
Choice of moulding machine, 143. 
Choked vent, 109. 
Choosing a pyrometer, 285. 
Chrome iron ore, chromite, 228, 233. 
Circular saws, 196. 
Claw hooks, 57. 
Clay, plastic properties of, 231, 232. 

crucibles, 233. 

wash, 86. 

-washed core joint, 100. 

water, 23. 
Clean skimming, 202. 
Cleaner, 104. 
Clinch-Jones patent heat treatment muffle, 

265, 266, 290. 
Coarse graphite, 351. 
Coating compositions, 171. 
Coke bed, 102, 103, 116. 

bricks, 233. 

for cruoible melting, 238 
Cold shots and cold shuts, 202. 
Collapsible core barrels, 192. 
Colliau cupola design, 247. 
Colour test, 300. 
Combined carbon, 218. 
Commercial copper castings, 358. 
Composite castings, 176. 
Compobition of brass liner, 178. 
Compounds, 6, 7. 

Compression or crushing test, 331. 
Conservation of energy, 9. 
Contractions, 187. 

cracks, 192. 

stresses, 173, 174, 208. 
Conversion of energy, 14. 
Cope, 42. 

for dynamite pan, 160. 

ring, 155. 
Copper and oxygen, 357-359. 

properties of, 311. 

-tin alloys, 319-325, 342-344. 

-zinc alloys, 317-325. 
Core barrel, strickle and trestles, 77. 

barrels, 7H, 77. 
collapsible, 192. 

boxes, (58-70. 

drying stoves, 77, 78. 

grating, 166. 

irons, 71, 72, 73, 199. 
cast with dabbers, 73. 

print, 92, 93. 

size, 115. 
Cores, 25, 26, 65, 67-78, 87, 91, 95, 101, 
106-110, 112, 114, 115-121, 191. 

mechanical method of making, 135. 
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Cores, lamming, jointing, spiting, 144. 


Efficient MZlmi, 201 




Cottars, 183. 


Elastic limit, 234. 




Cottered, 36, SB, 87. 


Elbow core box, 69. 




Counterbalancing the strickle, 163. 


Elements, 4-6. 




Coupling ring*, 184, 


" Elimination or silicon in the scit 




Covering core, 116. 


hearth," 301. 




Cowper'i water pyrometer, 272. 


Elongation, 334, 335. 




Cramps, cramping, cramped, 36. 36, 86, 87, 


Energy, 9, 11. 




183. 


Kutectic. 342, 847. 




Crane ladle. 39. 


" carbon iron," 347. 




weight, 35. 
CRANES— 


phosphide of iron, 352. 




Euteotoid, 348. 




Hand travelling, 52, 53. 


Explosion, cause of, when molten 


mstarV 


Hydraulic jib, 65, 56. 
Jib, 53. 


touches water, 14. 




Extended prints, 93. 




Overhead travelling, 54. 






Crucible dirnwres, 235-239. 


Facing sands, 19, 22-25, 32. 




process, 295-299. 


Facings, 20-27. 




Crucibles tor steel melting, 298. 


False coios and drawbacks, 96, 




Crushing and tensile test pieces, 331, 333. 


Farwell moulding machine, 141. 




Crystalline formation, 26S. 
fractal™, 337. 


press, 137. 




Faults due to mould and pattern 200 




Crystalli nation, 207. 


due to the metal, 353-368. 




example of, 354. 


Feeding head, 173, 174, 189. 




Crystals of pure iron. 346. 


rod, 174, 189, 190. 




Cupola, 236, 2-16-25(1, 259-282. 


Ferrite, 292, 346. 




Cupro* manganese, 320. 


Ferro-mangaueae, 320. 




Curbing, chill roll mould in, 174. 


Fettling door, 260. 
Fibrous fracture, 337. 




Dab be Kg, 73. 


Filleting, 206. 




Darling k Sellers' moulding machine, 138, 


Killiiig-tn pieces, 106. 




139. 


Fin, 101. 




D'Araonval i lead best gal van "meter, 273. 


Fine graphite, 3511. 




Dead mild steels, 212. 


Fin. I.isket. 37. 63, 64, 148. 




Deep green sand moulds, 203. 


bricks, 232, 333. 




Hie lull Hint. 241. 


grate, 171. 




Die mould, 173. 


Kitiing snips, 70. 




Dins* stone of Wales, 330. 


Fi.v 'd ' -iirbon, 243. 




Dipping in acids. 195. 
metal, 195. 


Flange and body, 206. 
bum. 181. 




Direct metal, 236. 


Flapiged box, 46. 




Dirty castings, 202. 


Flare, 353. 




])ist<>r tal or cracked easting, 192 


Flask, 35, 60 




Divided sheave pattern, 99. 


Flat patterns, 123. 




Doherty tuyeres, 247. 


plate, 60. 




Dnublo turnover or tumbling core, 100. 


Flow oil, 180, 181. 




Dowels. 89. 


Fluidity, 20. 




" Draw in," 204. 


range of, 189. 
Fluted column, 94. 




Drawback plate, 96, 87, 98. 






Fluies, 327. 




16«. 


Ford's, E, L. , American noshed meta 




Drawn holes. 3:"5. 


Founding, arl of, 1. 




Draws, 189, 207. 


foundry costs, 371. 




Dressed castings, 198, 


losses, 374. 




Dressing, 194, 195. 


stores, 370. 




Drop bottom cu|iolas, 260. 


tools, 28-11. 




test, 329, 332. 


Fracture under pleasure, 207. 




Dry cores, 107. 


Fractures of pig irons, 22J-225. 




sand moulding, 146, 147. 


Free iron trap|*d in alloy, S27. 




Drying, faults due in iiisullicieut, 204. 


Friction, D. 




stove's. 148-MB. 


Fuel ratio, 280, 2S1. 




Ductility, 884. 


Fuels and furnaces, 235-250. 




Dull" gas producer, 2J3, 244. 


Full patterns, 184. 




Dynamics, 8. 


Fusing, 18. 











Gable seats, 16-1. 


Hydroitauos, h. 


Ganistsr of tlie SheBatf district, 230. 


Hygroscopic water, 146. 












(Abnolb), 346. 




ol carbon on .itee! in castings. 2*7. 288. 


(iatiig, methods of. 178, 179, '203. 


of chemical composition on soundness of 


'I ear- moulding machines, 134. 


steel, 303. 


German -ilvsr, 324 


of oxygen on castings, 355. 


Glenboig bricka, 212, 


of to- me! ting on grey cast-iron, 262. 


I'iong metml. 321. 


on white, 364. 


Gorman's method for chill rolls, 175. 


of varying casting temperatures, 288. 


Grading by fracture, 2-21. 


Ingot iron. 212. 


Granular peartlte, 347. 


Ingot mould, 176. 


Graphite, fine, 350. 


cast iron for, 220, 221. 


medium and coarse, 351. 


I literary stall ine porosity, 207. 
Internal chills in cylinder, 171. 


Graphitic carbon, 218, 


Green cores, 6S. 




mould, 178. 


water pressure, 207. 


sand moulding. 8-1-108. 145. 


Iron, flee, trapped in alloy, 327, 

Iron, Profs Hicli.H .m.l u 'Mini's pure eleotro- 


Greiner and Erpf cupola, '247, '250. 


Grej cast-iron. 215, 218, 222. 221, 343-351. 


lytio. 210. 


857. 


"Iron to iron," 181, 


Guides, 168. 




Gun-metal boss and maiigMieEe-bron/ehlades, 






Jefferson, Arnold ash, 310. 


Gun metals, 320. 


Joint flanges, 46. 




Jointing, 144. 

Jones', W., pipe cure making machine, 133. 


H*I>HEII., 1!.A.,ii\NH-KK.I..1Mi IKON, 220, 


814. 




Hair pipe mould, 85. 


Keep, W. #., 187. 


Hand-moulding machines. 136, 144. 


Kent-Smith on vanadium, 221. 


-rammed |«tteni drawing machines, 114. 


Kick, 108. 


Handle corss, 85. 


Kinetics, 8. 


Harbord, F. W„ book on steel. 235, 245. 


KirchhofT, 283. 


Hard spots, 205. 


Kirk on the cupola furnace, 247. 


Hardenite, 318, 348. 


Kirkaldy on strength of oast copper, 312. 


Hardness of cementite, 215. 




..f Hint, 215. 


Ladle, 40, 300. 


of graphite, 215. 
of hardeuite, 346, 


Laminated pearlite, 346. 
Langs, E r\, 301. 


of pure iron, 210. 


Laurie on Zn.,1 n, 344 


of quartz. 215. 


Leading oil the vent, 108. 


Harkei. Dr. .1. 11., on melting point of 


Lead in brass, 318. 


nickel. 314 


properties ol. 313, 31 1. 


Harmon. J. H.. Oil Dealing pyrometer, 281. 


Lead-antimony alloys. 325. 326. 


Hatfield, W. H., 188, 263. 208, 2G9, 301, 


La Chat slier, pyrometry, 271, 273. 


303, 368. 


Ledebur, Prof., 301. 


Heat, 11. 


Lifters, 86, 89. 


latent. 13. 


Lifting eyes, 177. 


quantity of, 12. 




lltmstite pig irons, 216, 217. 224, 22fp, 


Light, 16. 


227. 


Liner pattern, 179. 


Herbert! cupola, 250. 


Lining a propeller shaft, 179. 


Heyu and liaoer <>u copper and 1'j.ygen, 357. 


Lining, cupola, 247. 


High temperature measurement, 271-288. 
by L* Chat.cli. r and Roudnuard, 271. 


Loam, 19, 24, 76. 


bricks, 166, 178. 


Horse and spindle, 162. 


moulding, 154-168. 


Hot metal and .jiiick pouring, 201, 


Long cores, chapleb. for, 110. 


Hydraulic canting*, 206. 


Lougmuir, P., 268. 267, '268, 361, 862, 371, 


hoists, -247. 


374. 


moulding machine, 112. 


"' Lorn " English . Ii .m-nnl old lilaat pig, 217. 
Losses, metallic, 211. 301, 305, 300, 360, 


pressure, 207. 


Hydro fluoric acid. 195. 


Lost *H process, 121. 







Macuink moulmko, 130-144. 


Moulding. 17, 115, 122-128. 


u an aid 10 output, 13'1. 


bench, 122. 


Mackenzie tuyere, 247. 


hox pins, 43. 


M* William. 1'rof. A , 280, 861, 281, Ml, 303. 


in three-part boxes. 98. 
MOULDING MACHINES, 130-144. 


Malleable cast-iron, 213, 263-270. 352, 353. 


orwT.mghtiron, 213. 


Darling Sc Seller*.', 138, 13». 
Parwell, 141. 


Malleability, 212. 


Manganese brume, 190, 3111, 320. 


Hand, 136, 144. 


Manganese in east-iron, 2 Hi. 202 


Hand-rammed pattern drawing, 144. 


ore in cupoli charges. 2E2. 


Hydraulic, 142. 


sulphide, T, 362. 


Pridmore, 140. 


Martens, 338. 


Sand, 17-21, 229. 


Martin, 299. 


Tabor pneumatic. 143. 


Matter, general properties of, 4 


Tub, 122. 


Malthewson's continuous sand blasl tumb- 


Moulds, open sand, 60-63. 


ling barrel, 198, 197. 


addition* to t"p parts, 104. 


[latent sand bla-t tumbling barrel, 198. 


Mums metal, 318. 


Mi.lim urn stress, 319, 334 




Mechanical method ofmakiug core*, 135. 


Natuj.albciehce, 4. 


moulder, 1 4 ■!. 


Nest of boxes, 43. 


loots, 329-S36. 


Neutral refractories. 231. 


Melting point of pore silha, 230. 


Nickel castings, 314, 359. 


■>f pure siliiate "l atiiiaiTi:i, -'■'■■-. 


Nicke-1 incest-iron, 220. 


Melting points of metals, 13, SIS. 


properties of, 8H. 

steel casting, 289. 

Stoo], Prof. Wm., 337. 


of Seger cones, 279. 


Mercury, properties of, 316. 
Metallic mould, 169, 174. 




Metallography, 337-364. 
Metalloids. 6. 


OlIDMDE. So. 124. 


Oil fuel for drying stoves, 160, 
"On the boil. 1 ' 300. 


Metals, 6, 7. 


are crystalline, 33*. 


One- pot hole, 287-239. 


commercial It pure in the [mm uf i-iLitiut;:-,, 


Open burns, 181. 


326. 


sand moulding, 60-66. 


physical constants <f, BIS, 


Operating the cupola, 259-262. 


properties or. 310 31" 


itpucal pvi'' ■meters, 280-284. 


Method ol binding, 184, 181.. 


Ordinal? brasses, 317, 318. 


of binding core, 114. 


Ormolu, 318. 


of feeding. 173, 174, 189-19" 


Osmond, M. F., 338. 


of gating for liner. 178, 179. * 


Outside binding of loam mould, 160. 


ol making alloys, 327. 


Ovei poled copper, 368. 


or measuring casting tern | era turns, 363. 


Oxygen, oxide, 6. 


Method of combustion an) regulation in 


in cast-iron. 321.357. 


drying stoves, 148-160. 


influence of, on metals, 238, 355-301. 


of drying moulds, 148. 
of moulding, 93, 91, 190 




Pan with dou lakoest At hkbtks. 191. 


Hfarcgnpbic analysis, 337-364, 
Miorostruetures of metals And alloys, 290- 


162 


Parting sand, 19, 120. 


297, 337-364. 


Pattern plates, 127, 138. 


Mid parts, 43. 


Paul. K, W., galvanometer, 278. 


Miarim castings, 201, 363. 
Mixing by analysis. 218, 251-262. 
Moldeuke, Dr. R., 221. 367. 


Pearl ite, 293. 


gianular, 347. 


Molecular porosity. 207. 


I'l's-ging rammer, 86, 81, 86. 

I'erey, Dr. J., on aluminium bronie, 334. 


Mottled pig-iron, 216, 216, 223, 226. 


Mould, const ruction of, 18. 


■m electrolytic copper. 358. 


for block, S2. 


Phillip* 'rure making machine, 131, 132. 

I'hu.-|.lii.]e .,] iron .inectit:, 220. 342, 361 


for hnx, 65. 


for building [ilate, 62. 


Phosphor bi-onze, 190, 323, 324, 361. 


for Hie basket, 63. 


Phosphorus in cast-iron, 220. 


for flat plate, 61, 80. 


I'JiVi.i' -i ■ ■■ii-.U'it. i.f iii.-t'ils, 31 ri. 


for pan, 169. 


Pig-iron. 811, 214-218, 221-227. 


for pattern plate, 127. 


groy, mottled, and white, 216. 


for range. SO. 


Pig irons, typical analyses of, 216, 217, ZM, 


join Is, 88, 89. 
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ging tuck. 303. 


Refractory materiala. 228-234. 


Ill Lit-'-". 42. 


Releasing, relieving. 191. 


*, methods of moulding, 84-88 


Hennie, Dugnld, & Sons' eiperiments, 262, 


noulds. painting of, 147. 


366. 


ramming. 183. 


Results from commercially pure metals, 364, 


in moulds, painting of, 147. 


365. 


nee of weakness, 207. 


Baton pipes, 177. 


atic proiierlyof clay, 231-232. 
te for rake head, 128. 


Returning, 80. 

Reush and Wnpst'a results, 252. 


iniil-tiug. 124-128. 
|.te»ibilities of, 129. 


Reverberator; or air furnace, 235, 239-242. 


Reverse moulding. 120. 


ritli pal terns, 126. 


Risers, 83, 118, 202, 204. 


'latform" method of calculation. 251. 


liobert converter. 235, 305. 


imbago, 27, 233, 234. 


Rosse'a alloy, 321. 


acing for moulds, 233. 


Run up, 33. 


imp gates, 203. 


Runner, 80, 107, 202. 


eumatio moulding machine, Tabor, 143. 


pegs, 118. 


tumstics. 11. 


Run outs. 200, 201. 


■ket drawback, 98. 


Rust or sole, 205. 


roaity, 178, 205, 207. 

rtable mould drying stove. 152. 


Rusty chaplets, 112. 




uibilitiea of plate moulding, 129. 


SAI&U Wfi, 164. 


tential oh^mtcal energy, 14. 


Sand blast, IBS. 


war moulding machines, 131, 136, 141, 


core, 100. 


eparation of a mould, 79, 178. 


projection, 118. 
SANDS- 


essure gauge for cupola, 10. 


Manalield, Staffordshire, Eritb, or 


icker bar, 246, 


rock, 20, 145. 


iiimore tingle hand moulding machine, 


Black or floor sand, 19, 


140. 


Core saud, 19. 25. 


nting, 80. 


Dry sand, 18, 18. 

facing for brass, 24. 


•ducer gas, 243, 


Bpeller moulding, 163-166, 
11, 182, 


facings for iron, 23. 


facing, for steel, 25. 


ire iron, 356. 


Pacing sands, 22-27. 


'ROMETERS— 


(Ireen facing sanrl for brass, 24. 


Bailey, 272. 
BairdandTatlock, 273. 


Green sand, 18. 


facings for grey iron, 22, 


Calleiidnr and CiriUiths' electric 


facings for steel, 24 


reaistanoe, 278. 


Moulding aand. types of, 19. 


Fery radiation, 284. 
La Chatelier, 273. 


sands, 17-21. 


1 'lining sand, 1<>. 


Mesur^&Nouel, 280-282. 


Saukey. Capt. K. K . on vanadium, 221. 


Murrie, 272. 


Saturated stiet. ;(-18. 


Optical. 280-284. 


Scab, 204. 


Paul, R. W., 273. 


St'otch pig, 217. 


Roberts-Austell, 273. 


splint coal, 233. 


Se^er cones, 278. 


Screw and staple hook, 177, 


Sentinel, 278. 


Selecting pig irons lor cost iron castings, 


Urillingainl Steinbart, 284. 


221-226. 


Wanner optical, 280 283. 


Sensitive tint, 280. 


Water (Sienieiii), 272, 278, 


Sharp pouring, 205. 


Wedgwood. 272. 


Sheave, 99. 


Wiborgb, 278. 


carriage, 51. 




lifting beam and, 67. 
mould, 101. 


0ALITT OF PRODUCT, 238, 240. 




Sheddon's portable mould drier, 151. 


aBBUNQ, 300. 


Sheet brass burning, 180. 


ike head, 127. 


Short com, 110. 


miming, 61, 63. 81, 82, 97, 118, 204. 


pours, 201. 


lpping, 86. 


Shrinkage, 187, 190. 

Siik' ami end cores for lathe bed, 116. 


Mictions in the acid Siemens, 300. 




Siemens, Siemens -.Mar tin, 289. 


■d moulding sands, 18-21, 229. 


1-egenerative furnace. 2J6, 242-246. 
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Siemens, special charge No. 1. 301, 302 


Sulpho- films, 292-297. 


Silica bricks. 231, SSI 


balled up, 29 1. 


Silica most abundant constituent, 230. 


Sulphur, 5-7. 


.Silicon in cast-iron, 218, 210. 


in cast-iron, 219. 


standards (table), S19. 


Supersat united steel, 347. 


Silver, propertiei of, 315. 


Surface blown Bessemer (Trapemis) process 


Simonsun, Arthur, 305. 


356. 


Skeleton or frame patterns, 115, 166, 167. 


Surfusjon, 1 4. 


Skimming gate, 203. 


Swan neck and stopper, 300. 


Ski d- drying, 146. 

Slag holes in cupola*, 260. 


Swedish wrought- iron, 210, 212. 


Sweeping, 74, 118, 119. 


Snap*. 12, 104. 


bottom plate, cope and core, 155, 158. 


Solid circular castings, gating in, 203. 


dynamite pan, 159. 


pipe pattern, 86. 


System of charging cupola, 261. 


propellers, 183. 




sling, 57. 


Table machine, 134, 135. 


Uorby, Dr. H. C, 337, 338, 348. 


Table of refractories, 234. 


Special alloys, 190. 


TaW pneumatic moulding machine, MS. 


brasses, 318. 


Tail, 1'rof., 273. 


bronzes, ISO. 


Talbot on basic continuous process, 304. 


Specialised plate moulding. 129. 


Tapering pans, 160. 


Specification for steel castings, 287. 


Tspping. 300. 


for gun metal, 362 
Speculum Hiatal, 321. 


Temp-mure, 12. 


measurement of. See High T/mjirrnitm 


Spelter, 11. 


JfaafHraMflal mud Pyrometers. 


Spindle, 161, 162. 


curve of annealing oven, 267. 


and socket, 117, 118. 


Template, 105. 


Spoon gate cutter, 80. 


Tensile test, 332. 


Spout or lander, 300. 


piece before and after fracture. 335. 
TERMS, I-'OITSUEY— 


Sprigs, 36, 84, 89. 


Sprigging, 203. 


Bedded. 8G. 


Sprues, ait, 203. 


in, 87, 102. 


Sjujr wheel cores in position, 119. 


Rlacking, 27- 


Squeezers, 136. 


Hlack-washed, 76. 


Staffordshire All Mine pig, 217. 


Burning, IS. 


Staked, 88. 


Carded down, 76. 


Statics, 8. 


Ciini, *-.'■- 


Stead, J. E., K.R.S.. 220, :!3S. 342, 360. 


Clag, 68, 88. 


Stead's "iron ami phosphorus," 350. 


Close, IB. 


Steam ami water tests, 329. 


Cope 42. 


Steel, definition of, 211, 213. 


Drag, 42. 


manufacture of, 287-308. 


Fed up, M. 


structure of, 290 297, B4U-318. 


Fealer, 81. 


Steel-making hematite irons. 216. 317, 


Fusing, 19. 


227. 


Kick, 108. 


Stewart's rapid cupola, 217, 248, 250. 
Stoppers and nozzles, 232. 


Lit, 83. 


Open, IS. 


Stopping, otl or m ten ding patterns, 10-1 106. 


Openers, 26. 


Strain. 0. 


I'apered, 97. 


Stress, 9. 


Peels, 27. 


internal, 263. 


ru.ll, 192. 


maximum, 31H, 334. 


Seamed, 82. 


tensile, 332. 


Sleeked, 80. 


Strickle, 77, 118. 


Sprigged, 64. 


Strickliug, 71, M. 


Strong, 19. 


b.ard, 75. 


Turning, 84. 


Stripping- plate machines, 114. 
plates, 138. 


Weak, IB. 


Testing, mechanical, 329-336. 


Structures of several steel castings, 21>il 2ItT. 


Tests on special steel castings, 286. 


of various metals and alloys, 337 354. 


Thermo-couple twists, 275. 


Studs or elmjilets, 113. 


Thermo-couples, 273, 274. 


Success in casting, conditions necessary Tor. 


Thickness strickle, 158. 


361. 


strips, 167. 


Sullage, 174. 


Thwait* open hearth rurua..'«. 2tf. 







INDEX 



383 



Ighmann's Patent Sand Blast Co., 197. 
n, properties of, 313. 
tan mm in cast-iron, 221. 
DOLS, FOUNDRY - 

Battle Creek sand screen, 33. 

Bottom pouring ladle, 40. 

Carrying tongs, 38. 

Chocks, 36. 

Cramps, 36, 86. 

Crane ladle, 39. 
weight, 35. 

Fire basket, 37. 

Flat rammers, 31. 
weight, 85. 

Gaggers, 36. 

Geared ladle, 39. 

Hand shank, 38. 

Lifters, 87. 

Mould screws, 36. 

Moulder's sleekers, 30. 

Pegging rammers, 31. 

Rammers, 31. 

Rotary sand sifter, 33. 

Sand mill, 32. 
mixer, 34. 

Shank with sling, 38. 

Snap flask weight, 35. 

Sprigs, 36. 

Trestles, 37, 77. 
op pouring, 203. 
ough pitch copper, 358. 
ransverse test and testing machine, 330. 
reating the shaft for lining, 178. 
restles, 37. 
riple alloys, 195. 
roily track, overhead, 52. 
ropenas, 235, 305. 
process and plant, 305-309. 
run n ion 8, 165. 

ambling, tumbling barrels, 194, 196, 197. 
core or double turnover, 100. 
urner, Prof. T., 187, 235. 
uteres, 247. 

wisted or shifted castings, 202. 
wo-joint casting in two-part box, 101. 
ypes of moulding sand, 19. 



Unequal contraction, 170. 

shrinkage, 206. 
Underpoled copper, 358. 

Valve body, 88. 

core, 71, 72. 

seat, 71. 
Vanadium, 221. 
Vent in cores, 109. 

pipes, 102. 

wire, 81. 
Venting, 204. 

Wadswokth core-making machine, 133. 

" Waist " in test piece, 334. 

Warped castings, 192. 

Warping, 187. 

Waster casting, 200, 355. 

Water brush, 65, 207, 208. 

cooling, 208. 

and steam test, 207. 

•tight rattler, 195. 
Wedge gate, 88. 
Weights, 183. 

West Coast hematite irons, 217. 
West's centre blast cupola, 250. 

moulder's text- book, 261. 
Wet spot, 205. 
Whistler, 83, 204. 
"White "brasses, 320. 
White cast-iron, 348. 

or antifriction metals, 325. 

Eig-iron, 215. 
iting cupola, 247, 249. 
Widmannstatten figures, 292. 
Winder, A.B., and Brunton, J.D., 289. 
Wilson, T., water pyrometer, 272. 
Woodward cupola, 250. 
Wrought-iron, 211, 212. 

Yielding cores and moulds, 192. 
Yorkshire pig-iron, 217. 

Zinc, alloys of, 317-328 

Zinc, loss of, in melting, 312, 327. 

Zinc, properties of, 312, 313. 
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SCANTLIKQB, AND pBHSSHRaS, SAFETV VaLVES, SpBIHOB, 

Fittings and Moetktinob, Ac. 

FOR THE DSE OF ENGINEERS, SURVEYORS. BOILEK -MAKERS, 

AND STEAM USERS. 

Bt T. W. TRAILL, M. Inbt. O.E., P.E. R.N., 

Litt Knifnmr Sui«rw-ln-OTil«f to tbo Baud of Tndt- 
: Holt f uMnl woim on Bnllen DUlill.btd In EDtluid."— tfMfpJn* World. 



Fifth Edition. 

Illustrations. 6a. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Engineers and Officers in the Hoyal Nai 

and Mercantile Marine, Including: the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, R.N., A.M.I.C.E. 

Tomiemtt.— Gtoeni Dwcrlpdoo of Marine MachTutry.— Tbe CoodJUoiu of 3#rvSc6aod 
■ of Eubwen of ihe Kojai Natj — Eotrj and OeodUWM of Sertteoof Eof)nw< or 
l4*<&Df K.S. Ocmpule*.— Raiiisir Muun -Ijotie. or & Huarolug Wilts on Eof » 
IhnttlDf off SMm.-Bvboni r ' 




In Luge Crown 8ro, Cloth. Fnily lllnatrated. 5»- net 

OIL FUEL: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 
Bt SIDNEY H. NORTH, 

Coirum— Th* too™ of Sopplj.— Ero 
CnMporiUon of Fuel OUi— CowJitJooa of C 
MMtwoa ud Cqninuiibi— Hcdn - 
pirns. —Pur Ssral FnrpoH*.— On L> 
— Imadlcca. - laisr. 

- 1 nqut int«eH*l i] 
tot-boofc.-— Slwn. 
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CHAHLKS QRIFFIN * CO.'S PUBLICATIONS. 



A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Practical Text-Book for the Use of Engine Builders. 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

By WILLIAM FRANK PETTIliREW, M.Lw.C.E. 

With a Section on American and Continental Engines. 

Br ALBERT F. RAVENSHEAR, B.Sc, 




i* ijeir DeialJi.— 



Wlm am 



»UI e™noe f»^ ^H^Vi^ 

At Press. In Lat^e Svo. Folly Ilhiatrntcil. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. F. G AIRNS. 

Contents.— In trod ue Tory.— Compound hip and Superheating lot L'lcnmntivo". — A 

' . : ■ - ■ i iin ..t Cunii-i \ SjvUin. (in |jTicr>ui<itivu,— Ttw Hiitnryawi Den1»jim. nl if 

Mi.- CViuj. I f. in. .live.- r»i.-rylliiLk-r >'i>ii-Ailti-ni:itj.- niMviii". - T«.'-l , vlil|.|i-r 

Ani.ruii:,- -,,i, in-. Other fwo Cyfioder 

■■ tiiKlvr Tamli-m Kynlvnir -K r i) llud 

ur-Cylinder Balnmed BJIJMJI,— Fa 



: ■ . . 



CytimliT Tanili-ni tiyslvnis -Kour-l'yllnikl 'I '■■■■ ' i :.. ; . -.1. in:. ...Ii. i 
Four-Cylinder Italftii.ed Synlenis .-Kour-l yliti-l.T Hivi.'lni Ul.,1 llalu 
Artkulnltd (\>iiip..iunt Enjriijea.— Triple-Eiporuut 



Tandem).— 

Balanced Bfttmt.— 
GonpoiuKl r ' 



In Large ova. HaiuUome Cloth. With Plates and lllwiratknu. 16a. 

LIGHT RAILWAYS 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inbt.O.E., 

Contend.— DUcuseion of the Terra "Light Railways."- Enifliih Railways, 
Rates, and Farmers.— Light Railways in Belgium, France, Italy, other 
European Countries. America ami tin- ('■■[. ni.-f.. India, Ireland,— Road Trana- 
Mrt a» an alternative. Tii- Lijlit Railway* \,-... I- 1 .". The IJuention ol 
Ghmge.— Ciinrtnii'tidn and Working.— Locomotive* and Roll Ins- Stuuk. — Light 
Rjulwaya in En^-laud, Scotland. Ud Walea.— Appendices and Index. 

" Will remain, for wme time yet a Stismiui Wukk Id entry Hi In*; rolmiing lo Ucht 



UJHD0N : CHARLES GRIFFIN 4 CO.. LIMITED. EXETER SIREEL STRftKD 



BSQISBBR1NQ AND MKQHAXICS, 



VALVES AMD VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OF 

ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 
By CHARLES HURST, Practical Draughtsman. 

Part I.— Stems Eutrino Vain*. I Pakt HI.— Air Coraprasor Vain* aud 

PAH ll.-ci.. Hrrfnr Valval and aearinir. 

Gears. | PART IT— Pump Vulva. 



Hints on Steam Engine Design and Construction. By Chari.ks 

Hcrst, ••Author of Valves and Valve Gearing,'' KecohD EditioS, 

Revised. In Paper Boards, Svo., Cloth Back. Illuumted. I'nce 

Is. 6.1. net. 

OoxTism— I. Steam Pipm.-il. Valves.-lII. Cylinders— IV. Alt Pnnips and Coa- 

aer.ssrs.-V. Motion Work. -VI. Crani Sh.fu and PedeaUI.— V1L Valve Oaar.-VIIL 

■ADaDiiv.Vlu.newblohoverjpracLW.il young eagtsear staauld i<>«ie«."-rv JfwIW 



Computed to Four Places of Decimals for every Minute or Angle 

up to 100 or Distance. 

Fop the Use of Surveyors and Engineers. 

Bv RICHARD LLOYD GURDEN, 

Autli.irised Survejor for the Governments of New South Wale, ano Victoria. 

*,* Pitbliihtti vrilh Ikt Conatrrattt tj tht Suroeyers-Gntcai lor AVie v «'A 

Waits ami Victoria. 

"Tboae who haw apclima id enact Sl-uvbv-woiie will beil know how to appreciate 

the enormous amount of labour repreuiiteit by this valuable boo*. Tht comiuKaiu*" 



half an Lech. and thii bv nmuci to but Onb Tail 






Strongly Bound in Super Royal fcWo. Cloth BoardH. 7s. Od. net. 

BONUS TABLES: 

For Calculating Wages on the Bonus op Premium Systems. 

For Engineering, Technical and Allied Trades. 
By HENRY A, GOLDING, A.M.Inst.M.E., 

a Baikal ami Clench, Ltd., u..! Attlttant Lecturer 
it tlic- Northarnntoi. In.UluW. London. S " 
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CBARLES GRIFFIN «fc CO.S PUBLICATIONS. 



Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 



NATURE, PROPERTIES, AND TESTING OP LUBRICANTS. 
Br LEONARD ARCHBUTT, F.I.O., F.O.S., 



R. MOUNTFORD DEELEY, M.I.Melh.E., F.G.S., 

Chief Locomotive Superintend* at, Mlillni.I Railway Company. 

Oonm 

Friction.— III. SuperOt 



l.l.|IU.| 



lr Source", Phmi vi. PhjitoaJ Prnpertina a 
"■I. ChotnlmJ PropetUM r' 
* ofl.ubr' 



-viu. The SyiUmaUo Tutliig of LubricuU by Phyilnl and ( 
Methods.— IX. The Mechanical Testing of Lubricant*.— X. The Design and Lul 
ot Bearings.— XI. The Luijrii-jitLuii u( MiiftiLiiL-ry.— Im>«. 

" Destined CO become a classic on Che subject. "— Indvittwt 
"Contains pracileaJly all that ia known on the subject 
sttentl™ of al! Engineers."— Kailuny Official Qaatte. 



Deserres the careful 



Focrth Edition. Very fnlly Illustrated. Oloth, i». M. 

STEAM - BOILERS: 

THEIR DEFECTS. MANAGEMENT, AND CONSTRUCTION. 
By R. D. MTJNRO, 

Chitf Bnainaer of the ScattUK Builtr /njurauo- and Engine Inspection Company 
GiMML Cohtikts.— 1. EjtfLOSTONS caused (:) by Overheating of Plates — (a) By 
Defective ami Orcloaueit Safety V.Iyh-Is) By Corrosion, Internal . . r «ten .1- (.i Hy 
' *^ le Tubes; Unstrengtheued Manholes: 
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KITCHEN BOILER EXPLOSIONS: Why 

they Occur, «jid How to Prevent their Occurrence. A Practical Hand 
book based on Actual Experiment, With Diagram and Coloured Plate. 
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BNOINESRINO AND MECHANICS. 



In Crmvn tvo, Cloth. Fully illustrated. 51. net. 

EMERY GRINDING MACHINERY 

Tent-Book of Workshop Practice In General Tool Grinding, " and 
Design, Con s leu c Hon, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 
-Emery Wheels. 



Introduction,— Tool Grinding. 
— Emery Rings and Cylinders. — i.onnuion 
Leading Types of Machines.— Concave and 
Machine. — Miuiple Grinding. — "Guest'' 
Machines.— Ward Universal Culler Grinder. 
Centre Grinder.— Polishing.— Index. 



Mounting Emery Wheels. 
io ensure Efficient Working,— 
onvex Grinding.— Cup and Cone 

U [iivi-p.il ami Cutter Grinding 
■ Press.— Tool Grinding. —Lathe 
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with careful |,,-'.l-;iI 



-Clum. TnuU/mmut, 



In Three Parts. Crown 8vo, Handsome Cloth. Verv Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 

insr thh.ee paets. 

Part I.— The Petrol Car. Part II.— The Electrical Car. 

Part HI.— The Steam Car. 



PART I.— THE PETROL CAR. 5^ net 

Contents.— Section I.— The Mechanism of the Petrol Car.— 

The Engine. —The Engine Accessories. — Electrical Ignition Hid Accessories. 
— Multiple Cylinder Engines,— The Petrol.— The Chassis and Driving Gear. 
—Section II. -The Management 01 the Petrol Car.— The Engine.— 
The Engine Accessories.— Electrical Ignition.— The Chassis and Driving 
Gear. —General Management. —GLOSSARY. — INDEX. 



Ax Press. In Large 8vo. Handsome Cloth. Very Fully Illustrated. 
A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing. Construction, and Working of Petrol Motors. 
By V. STRICKLAND. 
Ossr.KM. Contents.— Part I, : Enotnes.— Historical.— Pm-tr Required.— General 
AmiucMiient 'if Elusmi-a. 1 k'i n 1 1> in . - i'arlnn-i-ttnrn. - C'rltiulrre, Pistons, Valves, *0.— 

, ■ .,.,. - i | I I. ■..-.,.:..,.. I' i-lM.I,.!-. - 

l'ri". A;r iui.- l -iii,iit:..---iili mi i--.- Eiidni: ir.ntii.l, lijilnii.-itit-. — \l,.t..r i 'vcle Enirtne«.— 
Murine Molor- ■[■!.. i.l'iL-le M1.I.11*. I'arjilin 1 V.i !mi ,1 !■ r-. r.a> I'ri.iliic.'n. F.utT 
II.: i'l- lik-n.-iiti Urangenanti 1 taMm TllulilMll DtffWMM*] Bwn, - 
I'nhi-rsul Joints. Aih-i. - Spi im-s. — Jtniiui Bali. — llraliei.— Wheels, — Frames.— 
Steering Hear. Ilaiiiiili.r. - >[.■].-, MinUuar.]. I!,i,i„ 1 -, ,!,■.-- I.u!.ri-ar L.-11. - Kill 
li. si mi:;- Uralioi.— Factors of Safety.— Celeulatlonii of Stresae* — Special Change Speed 
Gears.— Special Can.— Commercial Vehicles.— Racing Can.— lH dec, 

LONDON: CHARLES GUIFFIH ft CO., LIMITED, EXETER STREET, 3TRAKU 



34 CHARLES GRIFFIN 4 OO.'S PUBLICATIONS. 

WORKS BY 
ANDREW JAMIESON, M.INST.C.E..M.I.E.E., F.R.S.E., 

Formerly Pro/tun- a/ Elictrital F-n s i**eri*v, Thi Gl*>. and JK. of Sat. Ttck. Cell. 

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown Swj. Fully Illustrated. 

STEAM AND STEAM-ENGINES. INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With f>oo pp., over 400 Illustrations, 1 1 Plates, many 
B. of E., C. and G.. Questions i.nd Answers, and all Inst. C.E. E*ams. 
on Theory of Heat Engines. Fifteenth Edition, Revised. 10s. 6d. 

"Tie Best Booh yet published for the list at Student*. " — Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Imt. C.E. Exams, io (1) Applied Mechanics; 
(2) Strength and Elasticity •■( Materials: (;a) Theory oi Slructures; 
(ii) Theory of Machines; Hydraulics. Also B. of E.; C. and G. Questions. 
Vol. I. — Com prising 56S pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations j Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery, Fifth Edition. IU. 6d. 

"\VH1_, AND LUCIDLY ■KK!TTIH~—rie SngjlHtT. 

V E»ck of the aiere -«lum,s is cumflili in ieielf, W aid tepur*Utj. 



PROFESSOR JAMIESON'S INTRODUCTORY MANDALS 
Crown 8w. With Illustrations and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First-Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Reruedand Enlarged. 3/6. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First -Year Students. With Stud. Inst. C.E. and B. of E. 
Exam. Questions. Seventh EDITION, Revised and Enlarged. 3/6, 

APPLIED MECHANICS (Elementary Manual of). 

For First-Year Students. With B. of E., C.andG. ; and Stud. Inst. C.E. 
Questions. Seventh EDITION, Revised and Greatly Enlarged. 3/6. 



A POCKET-ROOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By JOHN Munbo, C.E., 
and Prof, Jamieson. Pocket Sue. Leather, 8s. 6d. Eighteenth 
Edition. [See p. 48. 
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WORKS BY 

W. J. MACQUORN RANKINE, LL.D, F.R.S., 









'ttBTMltfl of eiatoom 



W. J. MILLAK, O.E., 

la 8tento.ru to the Institute of Engineers and Shlptnitlttert In Scotland 



A MANUAL OF APPLIED MECHANICS : 



Oouiprisinj; the Principles of Static* and Cinematic*, and Theory 0/ 
Structure*, Mechanism, and Machine!. With Namerotn Diagram*. 
Crown Svo, cloth. Seventeenth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Surveys, Earthwork, foundations, Muoory, Car- 
pentry. Metal Work, Roada, Railways, Canals, Rivera, Waterworka, 
Harbour*, ftc. With Numeroua Table* and Illustrations. Crown Svo. 
sloth. Twsnty-Second Edition. 16*. 



A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motion*, Work, Strength, Construction, and 
Objects of Machines, Ac. Illustrated with nearly 300 Woodcut*. 
Crown Svo, cloth. Sbvsnth Edition. 12*. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

1 a Section on Gab, Oil, and AlB Engines, by Bkyin Donkix, 
MJuaLCE. With folding Plate* and Numeroua Illustration*. 
Crown Svo, cloth. Sixteenth Edition. 12a. 0d. 
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36 CHARLES GKIFFIX * GO.'S PUBLICATIONS, 

Pro*. Rankinb's Works— (Centinuid). 

USEFUL RULES AND TABLES: 

for Architect*, Builders, Engineers, Founders, Mechanic*, Shipbuilders. 
Sorvayora, to. With Appendix tor the use of Eleotrioai. Ekoitobrs 
By Professor JiHisaox, F.R.S.E. Seventh Edition. 10h. (Id. 



A MECHANICAL TEXT-BOOK: 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankine and E. F. Bambeb, C.E. With Numerous Illna 
trations. Crown Bvo, cloth. Fifth Editiok. 9s. 
',' The *' MscHiBiciL Tut-Boos" umj ■imgmi *» Professor auiiiss as o« IHTiBi. 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. fid. 

Part I. Papers relating to Temperature, Elasticity, and Expansion c 
Vapours, Liquids, and Sotida. Part II. Papers on Energy and it* Tram 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, Ac. 

With Memoir by Profeaaor Tait, M.A. Edited by W. J. Millab, C.E 
With fine Portrait on Steel, Plates, and Diagrams. 



By W. VINCENT SHELTON (Foreman to 

ihe Imperial Ottoman Gun Factories, Constantinople.) : 

THE MECHANIC'S GUIDE: A Hand- Book for Engineers anri 
Artjians. With Copious Tables and Valuable Recipes for Practical Use. 
Illustrated. Second Edition. Crown Svo. Cloth, 7/6. 



LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND 



HYDRAULIC POWER 



I 



HYDRAULIC MACHINERY. 



ENRY ROBINSON, M. INST. C.E., F.G.S. 



Contents — Discharge through Oi 
— Presses and Lifts.— Hoists — Rami, 
— Traversers. -jad 

Shearing, and Flani 
Gala. Wheels and 



...— Flow oftVater through Pipes. - 

—Hydraulic Engines.— Pumping Engii 

Weighing Machines. — Riveters and Shop TooL 
Machines.— Cranes.— Coal Discharging Machint 
(eavalors. Ac. — Hydraulic Machinery applied to 
hints. —Shields. — Various Systems and Power 1 



THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 



«* 



(STEAM AND WATER PRESSURE). 

Practical Illustrations of Enoineb and I'i"MF3 applied to Mining, 
Town Water Supply, Dsainaos of Land*, &n., also Economy 
and Efficiency Trials of Pumping Machinery. 

By HENRY DAVEY, 






... In- 



Ooktknth — Early Hixtory of Puimiini; Engines — Steam Pumping Engine*— 
Pumps and Pump Valve*— Genrcal 1 rinciplto of Non- Rotative Pumping 
Engines— The Cornish Engine, Simple and Compound — Type* of Mining 
Engines— Pit Work— Shaft Sin kin a— Hydraulic Transminsir.il of Power in 
Mines— Electric TrtnMoiarion of Power— Valve Gears uf Pumping Engines 
— Water Pressure Pumping Engines — Water Works Engines ™ 



UIBON: CHARLES 6RIFFIH 4 CO.. LIMITED. EXETER 8TREET. STR1K0 



,S CHARLES GRIFFIN A CO.'S PUBLJCATIONS. 

THE '^YABiLvFy'^Of' SHIPS. 

SIR EDWARD J. REED, K.C.E., F.R.S., M.P., 



" Sir Kbwaud Rairo's ' St.bilitv t 
wiu find brought logetner and rutty to hi 
wise ha*e to »ck in an almost endless in 
posiibly not b* able to obtain at all cLtcwl 



te of which he woald 



THE DESIGN AND CONSTRUCTION OF SHIPS. By John 
Harvard Bilrs, M.Inst.N.A., Professur of Naval Aichiteciuie m the 
University of Glasgow. [In Preparation. 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. 1S5. net. 

STEEL SHI PS: 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

Bv THOMAS WAI.TON, Naval Architect, 

Oontbnts. — I. Manufacture of Cast Iron, Wrought Iron, and Steel — Com- 
position of Iron and Steel, Quality. Strength, Teats. &0. II. Cla*Hi6i»tioii of 
St«>;l rihii'i*. Ill Consideration* in making choice of Type of Vessel. — Framing 
of Sbipa. IV. Strains experience! 1 liy SI,]).-. - M.-th.-1-i ■■{ Computing and 
Comparing St re njrtlis uf Si,[[. ,. V. ('"oust ruction of Ships. — Alternative Model 
of Construction.— Types of Vessid*. -Turret, S.>lf Trimming, and Trunk 
Steamers, ftc. — Rivets ami Kivettitu;, Workmanship. VI, Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships, —Cement, Paint, 4c. — Index. 

'So thorough and wail written Is every chapter in the t>oot ih.tlt l«iSlillcnli 10 »]«! 
any of mem u being worthy ol eiceptlonal pr» se. AltonHBer, the work la orcellont. and 
will prove of great valoe to those for whom it is intendod.' — TOf Enginrrr. 

At Press. Id Handsome Cloth. Very fully Illustrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers, 
Br THOS. WALTON, 

Author uf "Know Your Own Ship." 
General Contents. —Classification. —Materials used in Shipbuilding. — 
Alternative Modes of Const met ion.— Details of Cons traction. — Friiium^, 
Plating, Rivctting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Qenr, Ac. — Type* of 
Vesaela, including Athulic Liners, Caryo Steamers, Oil carrying Stcamera, 
Turret and other Self Trimming Strainers, ifcc — InDix. 
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NAUTICAL WORKS. 

GRIFFIN'S NAUTICAL SERIES. 

Edited it EDW. BLACKMORB, 

Muter Mariner, First Clui Trinity Urate Certificate, Aunt. lnit. N.A. | 
AHD WsiTITtB. MMHLt, by SlILOrtS lor SAILORS. 



ini. 0/ Commrra. 
An Hiatorioal Sketch of it* Rise 



The British Mercantile Marine . 

•lid Developing III. Uy [he KliITMIl. Dirt. BUCKH4KI. .3«. BU. 

"Captain Blaclimorei sl-LIUnm BOOK . . . i-nrnain* inu-.-iiir.-ij.liH '.'Li tViTi j-nl'U 

Of Inure! t 10 1,1 it Merirhnrit Marin-.'. 1 '.:■.- :.v<- [niv- "I Itiis book are ~™ ' 
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r D. Wilsu.n-Bakkkk, Muter Mariner, 



FOURTH BlilTIi'V, Tin .1 ■>!...], ly lii-viwl. 
"— AthenaitnL, 



Know Your Own Ship : A Simple Eiplaaatioa of the Stability, Con- 

Itroetlou, In «ff. mid Freetmard ,i( .-illl|». hy TWOS. VVlLTOS. Naval Architect. 

With numerous Ulinirationi and additional Chapter! on Buoyancy, Trim, and 

Calculation.'. N UiTH Kl'ITI'.'N. 78. 6ll. 



Marine Meteorology : For Officers oi the Merchant Navy. By 
Willi as am.in<uj.vu. I i -i i l:i« II..n..iii,. Nmiuailou, Science and Art Department. 
"-1, and Dlagrami, and Juab 



7t. ml. 



mitt ivnioduc 
'— Shipping Gazi 



Latitude and Longitude : How to find them. By W. J. Mum;, 

O.B. SECOND ElilTIOB, Iteviae-I. it. 

"Cannot but prove an arxinliltiou to thoee studying Navigation."— Marint Bngimtt, 

Practical Mechanics : Applied to the requirement! of the Sailor. 

ByTHUe, MACIKSZIH, Muter Mariner, K. rLA.a. f(Bii.>!il> KlilTJnN, Keriied. Si. M. 
•' Wnj. wORta the money . . . kick a m so Li niLi-riiL "— .sAippirv World. 

Trigonometry : for th 

Thames N an lira I Train ine 
Price S>. BO. 



The Legal Duties of Shipmasters. By Benedict Wm. Uinsbuko, 

M.A., LL.II., ol tlie Ili'>:-r T.rn|>lc mid -Northern L'lroillti Biirrilter-at-Law. SKCOHr. 



A Medical and Surgical Help Tor Shipmasters, Indudi 

Aid at Sea. By ff». Johksos Smith, r.&.C" *■ 
Hoepital. Oraeoirtch. Tam Edition. TImi 
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GHIFFIN'S NAUTICAL SERIES . 

Introductory Volume. Price Sa. 6d. 
T HIE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 



GENKKAL Coktknth.— Himtobicaj. i From Early Times to I486— Progress 
under Henry VIII.— To Death of Mary— During Elizabeth's Reign— Up to 
the Reign of William III.— The 18th tud 13th Centuries— Institution ol 
Examinations — Rise and Progress of Ste;im Propulsion — Development of 
Free Trade Shipping l.,-..H-l;,!J,,ri. IS..'.' t- 1-sm — " :....:k~l./y Hull*' Case— 
Shipmasters' Societies— Loading of Ship* — Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. Tm Person;-' el ; Bhi] ■ iwnn ■•— I ffiocri— Mariners — 
Dntiea and Present Position. Ki-ntATios : A Seaman's Education: what it 
■honld be — Present Means of Educiitinii Hint-. Discipline and Dctty — 
Postscript— The Serious Decrease in tlie Number of Pritinh Seamen, it Matter 
demanding the Attention of the Nation. 






A MANUAL OF 

ELEMENTARY SEAMANSHIP, 

D, WILSON-BARKER, Mabteb Mariner; F.R.S.E., F.R.G.S.,fto,, fto. 

With Frontispiece, Kara 

General Contents.— The Building of a Ship! Parts of Hull, Masts, 
Ac— Ropes, Knots, Splicing, Ac. — Gear, Lead and Log, ftc. — Rigging, 
Anchors — Saibnaking — The Sails, &e. — Handling of Boats under bail — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 



Scome&B. 
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N'S NAUTICAL SERIES. 

Second Edition, Revised and Jllugtraled, Price Ss. 6d. 

NAVIGATION: 

PRACTICAL AND THEORETICAL, 
Br DAVID WILSON-BARKER, R.N.R., P.R.S.E., Ao., &a, 

WILLIAM ALLINGHAM, 



Uliib numerous Sllustrattons and Examination Queetiona, 

GetkbaL (.'iintests. —Ht'fi ni tii >n»— Latitude and Longitude— Instruments 
of Navigation.— Co motion of Courses— Plane Sailing— Traverse SailiDg— Day's 
Work — Parallel Sailing — Middle Latitude- Suiting — Mercator'a Chart- 
Mercator Sailing— Current Sailing — Position by Bearings— Great Circle Sailing 
— The Tirien— Questions — Appendix : Campus Error — Numerous Useful Hints 
Ac — Index. 
m * PaacisaLi the kind ot work required (or the New Certiflotcs o( competency In grailei 



Antbon ate Out. ' 



specially adapted I 
l (Captaln-Superlntendi-i 
experience in the hi fib* 



;,es 



MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVY. 



SUMMARY OP CONTENTS. 

liniments Uied at Bea tor Meteorological Purpomt.- Meteoro- 
logical Log-Book*.— Atmoipharie Prenturg.-Air Temperatures.— Sea Temnntgrsi.- 
Wloili.— Wiml Force ftalt-i.— History of the Liiu of Morula. Iliinii win, Seasons, and 
Storm Track*.— Solution o( the Cyclone Prolil em.— Ocean Current*.— Ioeberg*.— an- 
obnnoDi Chstt*.— How, Ulste, Fogs, and Hue.— Cloud*.— Bain, Snow, and Hall.— 
Klrage. KaliuWm, Coronas, lialoa, and Mill us s Illfctillm. ( ;i>ruuautU, and Auroras.— 

qrnanibHS, — APPENDIX.— 1NI1KX. 

pKKOlal I" S'wt... il i'ii'ii" '"■•i-i'ri I '■■■" ■-.■'<-'. 

%■ For Complete List of Qlirnt'g Nautical Series, see p. 30. 
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GRIFFIN'S NAUTICAL SERIES. 

Sbcond Edition, Heviss*. With Numerous Illustrations. Price 3s. Sd. 



Practical Mechanics: 

Applied to the Requirements of the Sailor. 
By THOS. MACKENZIE, 

Jfallw atartntr. F.tLi.8. 

GmiuL Contents.— Resolution and i lampontion of Forcee— Work don* 

Bi Machines and Livin- Agant — Wis H ■*i* M Powers: The Lever; 
Brricks as Bent Levers -The Wheel and Ask: Windlai-s; Ship's Capstan ; 
Crab Wincb— Tackles : the "(.lid Man '-The Inclined Plane; the Screw— 
The Centre of Gravity of a Shin and Cargo— Uelativ* Strength of Rope ; 
Steel Wire, Manilla, fiemg, Coir— Derricks aod_ Shears- Calculation of the 



; Stability (if Floating Undies ; the Ship's Put 



.1 inf. 
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" This it 
— ffalure. 

" Well worth the money . . . will be found 
ffn.iuj.iiif/ World. 

"No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics.' Notwithstanding my many 
yean' experience at sea. it has tulil me IujUi imiWi mure there u (o inquire." — 
(Letter to the Publishers from a Mauler Marker). 

" I must express my thanks to you for the lab 
In ' Pr. actio al Mechanics.' ... It is a 
What an amount we frequently see wasted by rit 
and accidents to spars, &c, 4c. ! ' Practical K 
this." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK. 

A Manual of Trigonometry : 

With Diagrams, Examples, and Exercises. Price 3s. 6d. 

Third Edition, Revised and Corrected. 
*.* Mr. Ruck's Text-Rook has been specially prepared with a view 
Co the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

A Manual of Algebra. 
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NAUTICAL WORKS, 



GRIFFIN'S NAUTICAL SERIES. 



THE LEGAL DUTIES OF SHIPMASTERS. 



BENEDICT WM. CilNSBURG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit; Barrister- sU.aw. 

Position al Shipmaster- The Con- 

ipect of Uio Crew : Eiignecmut J 

i, nuil Meillual Comfort* ; Payment 

■ limy in nqmt ■ ( Oti Pimmim Tim lfietWi 

ter's Dntj In reepect ol lliu Cargo— The Muter ■ 

Ddty In Cut of Casually— Tile Masters Llnty to crliilu I'll ,iiill„.|tties— The 

Mailers Duty In relation to Pilots., Signals, Flans, and LiRht Dues— The Master's Duty 
npon Arrival si ihi: I'url ol Ilisi'liarBv .A|i|«'!i.lii'i-s Mativ, lo iiiniii Let-ill Matters; 
Board of Trails Certificates, Dietary Scales, Stowage of Oraiu Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ar *■- 

"Mo Intelligent MaiflK should fall lo add ttili I 

of II may sava a lawym'-i m, bcstpu im,ljbs rr. 

"Samnu, plainly written, in cLtaa and »on-g 

arson aunca by the Shipmaster."— dn'nii*. rruJ. 1 



General Contents.— The Qi 
tract with the Shipowner— The 

Aplii'i/i.tkv.: I',.. :i, li'L.: ; I'l-i.ii.i.ioB VviTrimiil 



>, Ac., ±o.— Copious Index. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

How to Find them. 



By W. J. MILLAR, O.E., 

Lalt Hvntary lo '*» /»'<• •>/ CtlftiiKti-J nnd Shipbuilder! In Scottan 
" C0MCI3SLY Mill CLEARLY WR1TTBN . . . CMHIOt bllt prove ■ 

to those studying Navigation."— Marine EnyinetT. 
" Yonng S 
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FIRST AID AT SEA. 

THIRD Edition, Revised. With Coloured Plotee and Numerous ninetr»- 

ttoiu, and comprising the Litest llpyiilnti'ii. RMMottng Mm Carriage 

of Medical Stores on Board Ship. Price 6a. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical officer, Seamen's Hospital, Greenwich. 
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CHARLES GRIFFIN & CO.'S PUBLICATIONS. 



GRIFFIN'S NAUTICAL SERIES. 

Ninth Edition. Revised, uith Chapter* on Trim. Buoyancy, and Calcula- 
tions. Numerous IUimtrationi. B OMbMM Cloth, Gram 8m, Price 7s. Ed. 

KNOW YOUR OWN SHIP. 

IIy THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 

— BrndwiMjjht.- Tutinnifc— Ifreelxmnl.- H..n,tTi t ■-. - 1 :u. n, ■■■. 

StaliiliLy. Hulling.— BullaitiHg.— Loading .-liidiriM 1:ii>'.m'.- Ailinisii.ui i.l Wnter.— 



BY THE SAME AUTHOR. 

Steel Ships: Their Construction and 

(See page 38.) 

Fifteenth Edition, Thoroughly Srrintti, Greatly Enlarged, and Rati 
Throughout. Large 8i>o, Cloth, pp. I-xxjy+708, With 280 Illustra- 
tions, reduced from Workim) Drawings, ami 8 Plates, 21*. tttt, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING. CONSTRUCTION, AND 

WORKING OF MARINE MACHINERY. 

By A.E. SEATON. M.I.C.E., M.I.Mech.E.. M.I.N.A. 

General Contests. — Part I.— Principles of Marine Propulsion. 

Part II. — Principles of Steu.ni Engineering. Part III. — Details of 

Marine Engines : Design and Calculations (or Cylinders, Pistons, Valves, 

Expansion Valves, tiia. Part IV.— Propellers. Part V. — Boilers, 

Part VI. — Miscellaneous. 

"The Student, llmughUm.n. and Engineer will Bad U ;i »»rk ilir most «*LU»al,K 
Handbook ol Reference on tbe Marine Eneine no* in evistence,"— ifarinr E*vinetr. 






MARINE ENGINEERING RDLES AND TABLES, 

Marine Engineers, Naval Architects, Designers, Draughtsmen, 

Superintendents and Others. 

By A. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A., 
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KNOINEGRINQ AND MECHANICS. 



THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to Technical Problems. 



CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH. 



R. F. MTJIRHEAD, M.A., B.Sc, 

Formerly Clark Fellow of iJlaagow Unltentlr, and Lecturer on lint 



MEASUREMENT CONVERSIONS 

(English and French) ; 
43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Conversion of Mkasdbjimimtb 

in DlFn&SKT Units 

Of Length!, Areas, Volumes, Weights, Stresses, Densities, Quantities 

of Work, Hone Power*, Temperatures, &a. 

For the tat of Cntilneers, Sttnieyon. Arehtteeti. a~a Contractor!. 

In 4to, Board*. 7s. 6d. 
• • Prof. Smith's Conversion. Tables form the most unique and oom- 

Chenaive collection ever placed before the profession. By their use much 
e and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 



Pocket 3lze, Leather Limp, with flilt K'L-i* mni !;i>uinlr<l ijjrneni, printed on Special 

Tbln Paper, wilh NlinlrLLti.-us, |.j). I-H1 + B34. Prlcol9a.net. 

(THE NEW "NYSTROM") 

THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook 0/ Tallies, IbnMfa MKJ Methods far Engineers, 
Students and Draughltmeti. 

By HENRY HARRISON SUPLEE, B.Sc, M.E. 

" Wo feel sure It i*lll be of great service to mechanical engineer*." — Engineering. 
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46 CHARLES GRIFFIN & CO.'S PUBLICATIONS. 

Second Edition. In Large Svo. Handsome Cloth. 16a. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, anc A. G. BLOXAM, 



GENERAL CONTENTS.— Introduction -Chemistry of the Chief Materials 
of Construction — Sources of Energy Chemistry of Ste»m- raising— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used In ths 
Winning and Manufacture of Metals, 



By the same Authors, " Chkmistiiy fob MasOFACTI/MsRS," see p. 71. 
In Handsome Cloth. With about 50 Illustrations. 3s. Gd. net. 

THE ELEMENTS OF CHEMICAL ENGINEERING, 

By J. GROSSMANN, M.A., Ph.D., F.I.C. 
Sib, WILLIAM RAMSAY, K.C.B., F.R.S. 
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Works bv WALTER R. BROWN E, M.A., M.IN8T.C.E. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study or Force and Motion, 
With Diagrams. Crown Svo. Clolh, 4a. ad. 

" Cleat in style and practical iu method. ' Ths Student's MacHAHics' ii conliallT lo b* 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Enginur, In Crown 8»o, II. 
Demy Svo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

Bv Pkof. FRANZ SCHWACKHfJFER op Vienna, and 

WALTER R. BROWNE, M.A., CE. 

Furnace FluM, Chimney -The Bob 

Steam Pipes— Waier : Composilion, Purification -Prexerition of Scale, So, Re, 
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CHARLES QRIFFIN i CO.'S PUBLICATIONS. 47 

GRIFFIN'S LOCAL GOVERNMENT HANDBOOKS. 

WORKS SUITABLE r'«K. MUNICIPAL AMU COUNTY ENGINEERS, 
ANALYSIS, AND OTHERS. 

Sue alio Dalies' nggitat, p. 09, and MacLeod'a CaleiUatiant, p. 11" 

Gas Manufacture (The Chemistry of). A Handbook on the Pro- 



ElilTKiN, Hevlteil. 



1.1., 7a 



Vol. II., 1 



[See page 77 
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I)i-lrf1,iili,,i, 

. Crown Bvu. Bt.oa.nei. [seepage 11. 
Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. BjfO.H. WORIiINCnAB.A.K.i:., M.I.i: E. BMXMBXBmtat. 24t.net. ISeep.48. 

Electricity Control. By Leonard Andrews, A.M.Inst.C.K„ M.I.E.K. 

ISKd dm. ISgcpagelS. 

Electricity Meters. By Henry G. Solomon, A.M.Inst.E.E. 16s. 

[Bm pugg )». 
Trades' Waste : Ita Treatment and Utilisation, with Special Reference 

I" I he I'l.-v I Kk-i- l'L.liiiti..n. l!i W. Sayli-u. h'C.S., A. M.lFMt. ['.!■:. 

mil KtwBaSiMM flat**, Diagram!, and 111 nitrations. 3l». net. [Seepage 7tS. 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
Home Bemnrfcs upon iwm-iit Ttsiiiur. 1 ;y 'iilrfut rkpukavb, Aasuc.Imt.C.K., 
iiml CHi.-i. Sl>ifkHA\. I'.C.-i. Willi lllLL.i„ti.,.i,!. Analytical L'ala, .11 '1 Appendices 
ouCosu. Ac. lug. net. ISeo pagu 78. 

Road Making and Maintenance : A Practical Treatise for Engineers, 
an I M..,l.'i-nPnwtlo». 
Aaaoe.M.Imt.C.E. , M. Aasnc. Municipal ud County Kngra.; 
I. Revised. Full}' Illustrated. ISee pniin 79 

Light Railways at Home and Abroad. By William Henry Colb, 

M.Init.c E . I.i:-.- I'-ji'iii Min ._■■.!. N.irih. Western ilailway, India. Largs 8*0, 
lluii.ln.nm: Cloth, Ptttea and i I lustra lions. 16i. [See page 3D. 

Practical Sanitation: A Hamllum!; for limitary Innpefitors anil others 
Interested in. -I, imr.nti.m. llvi.K... Hum. \l. 1),. I) I' II., \i, ■.],.:. I 'lihv.-r, *: ,ii1'.,r.!xliire 

'.' tyc.juiitil. Willi ANvndii ..n Snnimrv l.i,w, ov llerl.erl Mulik-y, M.A.,H.B., 

D.P.H. I'lllimTKTH F.lPlTldS, Thoroughly Revised, fis. [*ee l'liui' 7B, 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Kbajii-is Wool, A.M.hnt.C.E., F.G.S. Second 
F.ihtioN, Revised, Fully Illustrated. 6i. dd. net. [Hee page 7&. 

Dairy Chemistry: A EVnctii'tiL Handbook fur Dairy Managers, Chemists, 
and Analyst.!, tty II. Droop Intuit .isii. P.I.C, Chemist to the Ayleslmry Dairy 
Company. Willi Tables, Illustrations, Ac. nindsunie Cloth, 16*. ISee page 7S. 

Dairy Analysis: Ths labontory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2t. lid. net. [See page 7a. 

Milk: Its Production and Uses. With Chapters on Dairy Farming, 

l'l.:- I-. ' ■"■: .!,,! .,i. i|i- FfjEi.Tii' anil l\i 1 ..(.-ii|,|,li,'M. b> K|iW.lKI> 1. 

WlttouilHIir. II. II. (Lund i, lll'.H. (I. lul .. i |.l. Cauili.l. lunjiertor of Farms and 

General Scientific Adviser I.. Well.,..! A- Son?, Ltd. Us. nut. [Seepage IS. 

Flesh Foods : With Method! for their Chemical, Microscopical, and 

Bacteriological Examination. A llanolniuk for Medical Men, Inipectori, Aualvau, 

and others I'.y i\ ajssWuktii Mitciiill B • "' 

Analyst!. Witli utoiis Illustrations audi 

Foods : Their Composition and Analysis. By 

M.B.C.8., F.C.8., Public Analyst for the County of D 

DA . K.s.-. win, I,..;..,, raiding Plate, and Front 

Thoroughly Replied, ail. 
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ELECTRICAL ENGINEERING. 

Second Edition, Rtvistd. In Large 8m. Handsome Cloth. Profusely 
Illustrated -with Plates, Diagrams, and Figures. 241. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 



ABRIDGED CONTENTS. 
Introductory — ij-ntr.il gCMl<M Wfk as a Profession —An in InraUMM — The Estab- 
lishment of :i Ceuti. , I >i.,u .:Lurc.— Plant.— Boileii — 
Systems ol Draught and Wnu K*M b m mj — C«J Handling, Weighing, and Storing - 
The Transmission of Steam. — Generators. — Comfcii I .: A ' 

I]..lii:i. nil, and Connections.— Distribu til is Mains.— Insulation, Re.L.tance, and Cost — 
Distributing Networks .— Stnice Mains and Feeders. — Testing Mains — Meiers and 
Appliances. — Standardising and Testing Laboratory.— Secondary Ilalteries.— Street Light- 
ing. — Cost.— General ni|lltnllllll M»llH Department — Installation Department- — 
St3 ■■ "1^ Department.— Drawing Office. —Clerical Department- —The Consumer. — 

Routine and Main Laying —In oil 



In Large 8vo. Haniisoroc Cloth. Profusely Illustrated. 125. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Elettrlc Swltchaear and Systems of Electric Transmission. 
Bv LEONARD ANDREWS. 



of the Institution 



General Principles of Swilchgcar Design. - Constructional Details. —Circuit Breakers or 

Arc Interrupting l>evi,:t..- Am I.. mini.-.. I. y i )|>tr..tci1 l.'u. ni! linkers.— Alternating Reverie 
Cwsssfll Dt.'ices. —Arrangement of 'Bum Uais. and Apparatus tor Parallel Running.— 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement ul Controlling A,.|':it..lm I' . I.- ..- ■..•■.■■!■ .i- - -h sample's i! Complete 

Installations — Long Distance Transmission Schemes. 



Eightkbnth Edition. Leather, Pocket Size. 8s. 6d. 

A POCKET-BOOK 

ELECTRICAL RULES & TABLES 

FOR THE USB OP ELECTRICIANS AND ENGINEERS. 
By JOHN MUNRO, C.E., & Pbof. JAMIESON, M.Inst.C.E., F.R.S.B. 

GENERAL CONTENTS. 

tTflt* id Mill Illllt Measures. —Testing.— Conductor.— Diclccmcs. — Submnrioe 

Cables.— Telegraphy.— F.tei, ■ ■■■ Metallurgy.— Uatterks.— Dynamos and 

Motors.— Trans forme rs.— 1.' ■ L gu tthstss.— Appendices. 

" Wo ndi-i fully Pinner . . . Worthy of the highest coHUMnd»[Km we can 
Q-nil.~ -ElictrieuiH. 
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Id Large 8vo. Profusely Illustrated. Ss. 6d. net. 

WIRELESS TELEGRAPHY. 



Sj>t 



By GUSTAVE EICHHORN, Ph.D. 
Contents.— Oscillations.— Closed Oscillation Systems. —Open Osci 
-Coupled Systems. — The Oiii'lin..- I'l'mperimthie the Aerial \ 



The Receiver.- -C.iiii]i;ir«live M . ■ ■*.< i it ni. in i.ln- S.-mlir. -Tlwrt'tical Iti-.sult~ 

and Calculations in respect of Sender and Receiver. — CI osely- Coupled Sender 
and Receiver. — [.n.ise-t.'.iupkd Sender and Receiver. — Principal Formula;.— 
The Ondameter. —Working a Wireless Telegraph Station.— Modern Apparatus 
and Methuda of Working. — Conclusion. — Bibliography. — IndkK. 

"Well written . . . and combines uitii o swl ileal of ilcicrliitlon a careful 
InreitlRatlon of [he fu ml »m cut.nl theoretical pheuomeuA.'— Naturr. 



Large 8vo, Handsome Cloth, with 3.14 Pages and 307 Illustrations, 
lbs. net. 

ELECTRICITY METERS. 

By HENRY G. SOLOMON, A.M.Inat.E.E. 
CONTENTS.— Introductory. —General Principles of Continuous - Current 

Meters, — 1 Vintimi'jii-CuiTeiit Quantity Meter-. — Omtiroiuu.'- Energy Motor 
Meters— I liferent Tyj>es. — Social Purposes, i.e. , Battery Meters. NicitdiWnl 
Meters, Tramcar M.-ler-. i lerieral I'rin.-ij.]. ; ..( Sin.:!. - ainl i*. .Ivi'Ims' 1 J 1 1 ■ I • i ■ - - 
tion Meters.- Single- pliaws [iuliieti.ui Meter..— P.dyphase Meter*.— Tarifi 
Systems. — Prepayment Meter- -Tariff nm.l Hour Meters.— Some Mechanical 
Features in Meter Design.— Testing Meters.— Index. 
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Second Edition, Cloth, 8s. 6d. Leather, For the Pocket, St. 6d. 
GRIFFIN'S ELECTRICAL PRICE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &o, &c. Edited by H. J. Dowsing. 
"TbbKik:t«icai. Pbici-Book urnms all »hti.y iboui the co<t of Elecrrk.1 
Power. B» iu aid tht nxruHis ibai will be entailed hy uliliiing eleciriciiy on • large or 



ELECTRIC SMELTING AND REFINING. By Dr. W. Bombkhs 
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MICROSCOPIC ANALYSIS OF METALS. 
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Contents.- Mi-tall'vi'iipl'V considered as n method of Assay. — Micro- 
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Examination of Carbon Steels. — Cone Ins ions. Theoretical and Practical.— 
Apparatus employed,— Appendix, 
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Contents.— Historical Sketch. —Resistance of Traction.— Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal.— Quarrying.— Stone Breaking and Hsnlage. — Road- 
Rolling and Scarifying. —The Construction of Now, and the Maintenance 
of existing Roads. — Carriage Ways and Foot Ways. 
"The Literal? MjleieiiciiLisi . . A vmrimuarrymi mjchllmut Modern Bu«>«, no 
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8o CHARLES ORIFFIX <1- CO.'S PUBLICATIONS. 

Fourth Edition, Revised and Enlarged. With Illustrations, its. 6d. 

Painters' 
Colours, Oils, & Varnishes: 

A PRACTICAL MANUAL. 
By GEORGE H. HURST, F.C.S., 

Member of Lhe Society of Chemical Industry ; Lecturer or, .he Technology of PaiuKn' 
Colours, Oils, Aiad Varnishu, [he Municipal Technical School, Manchester. 

GttNBHAL Contents.— Introductory— The Composition, M*nufactu»», 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue. Blown, and Black— Lakes— Colour and Paint Machinery— Paint Vehicles 
{Oils. Turpentine, ftc, &C.)— Driers— VARNISHES. 

" A TKonOlnlHLV P1K1CTICAL book, . . . the ONLY EnjILih work that latisMcUrily 
Heals of UM f :i., and pigments."— Cktmital Tradti' ynmml 

*.* For Mr. Hurst's Garment Dyeing and Cleaning, see p. 84. 



In Cra 



1 8vo. Hnndso 



! Cloth. With Hesitations. 



THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 
By GEORGE H. HURST, F.C.S., M.S. CI. 

Involved.— Oil! and Varnishes.- Properties of Oik and Varnishes.— Tuts and Eioeriaients. 

—Plants, Method,, iml Machinery of the Paint and 

T*u Werkh*Jt*t*<t<tci<Htdt> r tfc Ailhfrjsrtk* I.*ber*tor>*ft>u 



oftAr Paint and Celour Worki, and/oral 
Cthuri, &xd Diyiattt 



i»t Seise!, an* 
HfMf/d in titi, MMt 
. handbook ■haul I 



Painting and Decorating; 



By WALTER JOHN PEAECE, 

GENERAL CONTENTS. 
Introduction— Workshop and Stores— l'l ant and Appliance*— Brushes and 
Tools— Materiala 1 Pigments, Driers, Painters" OiLi— Wail Hangings— Paper 
Hanging— Colour Mix] ni:— Distempering— Plain I ' ^ i i : t i : 1 , ■ StiiiuuHf— Varnish 
sod Varniahiug— Imitative Painting — Graining M.iiliu- 1 iihliny— Sign- 
Writing anil Lettering -llrraration : General 1 'r i i.f -;| .1 ,-,- — Di /'ration in Dis- 
temper — Painted Decoration — Koliivo I l«n rati on — Colour— Measuring and 
Estimating — Cosch-Pajnting — Ship-Pain tin g. 

»dl book . . . ooori, sound, nuonOAL laiosv 

IITCIM Tona." — Plumber and Decorator. 
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VHBMISTRY AND TECHNOLOGY. St 

SB "m> Edition. In Large 8vo. Handsome Cloih. With 4 Plates 
and Several II lu si rations. 16s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature or India Rubber, its Chemical and 

Physical Examination, and the Determination and 

Valuation or India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation. 
By CARL OTTO WEBER, Ph.D. 

"Replete »ilh scientific and alio with [ethnical inlereH. . . , The sectinn on physical 
properties la a complete rtmmt uf every thing known onihe subject."— htdia.rubbtr Journal. 

In Large Crown Svo. Fully Illustrated. 5s. nei. 
GLUE, GELATINE, 

AND THEIH ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology. 

By THOMAS LAMBERT, 

Analytical ami Technical Chemist. 

.er(,lii«.. CecMnH,*c.-Uies 
iw and Kin i shed Products.— 

y ftom a practical standpoint. 






and Gelatine.— 



A book , . . of 1 

In Medium Svo, Handsomi 



:. I':. 

lern method 



JVVtK 



Fully Illustrated, us. 6d. nel. 

PAPER TECHNOLOGY: 

. PHYSICAL QUALITIES, 
. ...>ER AND OF 
PAPERMAKING FIBRES. 
With Selected Tables for Stationers, Publishers, and Others. 
By R. W. SINDAI.L, F.C.S. 

CONTIINTS.— Inlroduction.-Tcclinic.il Uimcullies relation to P;ipcr, -The Manufacture 

I I . I' I! I I'. |.-'- . 1 ■ I W ■ i I'iiIv; Wc 

chamcal Wood Pul ( , ; Wm.il 1'i.ij. I':, per- . An Pa^-n : lltM|., Jute, -ud nthei Paper*.— 
The i'h.--i.. .! I .' u . . I i ( io ■- of I'jjier; Wright. Tlui.kne.., Strength. K.I n-Ti city, Sc— The 
Chemicai Conuhuciii, ,.f I' ,, , r Cl.iv, Pearl Hardening. Gelatine, Casein, Rosin, Alum. 
Starch, ['icineiuc. Aniline 1'vt.. Ac. Chemical Analysis of Piper. -Microscopical Analy 

HI Condition* Aflcctinc. IJualily.--" I B.S. U nil'."- Vegetable Fibre* ll.ed in Paper- 

makim.'.- Ll.tin.t.i: ..,,,1 IN,,-.,. ,1 i l.r ,. I - ...,, . „i L- i ! . s — _ t.elli,!..-. S,. „;-.!:,:■. ,-cl.uin; 
■oP«per.-Tablei-oibIio S rapby.-lsirjEx. 



In Large Svo, Handsome Cloth. Willi Plates and Illustrations. 7s. 6d. ncL 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, 

Writing, and Copying Inks. 

By C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C- HEPWORTH. 



Carbon: 



ture. -Writing: inks.- 

111 Materials lor I nk. .Nam re of Inks.- Manufatlu 
Ruin, ml Aniline Black Ink* — Coloured Inlet. 



oflnks. — Manu fat lure 
..... „ks. — C0I1 
Early Methods of It 

«*— N.tural VciteuUc Ink °-S,fuy "inks 
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OHARLKS GRIFFIN A OO.'S PUBLICATIONS. 
the: textile industries. 



A MANUAL OP DYEING: 



E. KNECHT. Ph.D.. F.I.C., 



CHR. RAWSON, F.I.C., F.C.S., 
And RICHARD LOEWENTHAL, Ph.D. 

Gkmbeal Contents.— Chemical Technology of the Textile Fabric* — 
Water — Washing and Bleaching — A cida, Alkalies, Mordants — Natural 
Colouring Matters — Artificial Organic Colouring Matters — Mineral Colour! 
—Machinery used in Dyeing— Tinctorial Properties of Colouring Matter*— 
Analysis and Valuation of Materials used in Dyeing, Ac, 4c. 
on the «lt)]Mt."— TtxWt Mannfatlvrtr. 

In Large See, ffandieme Cloth. Pp. i-r.v + .',05. 10*. net. 

THE SYNTHETIC DYESTUFFS, 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 
By JOHN CANNEL.L CAIN, D.Sl-. (Manchestsu asd TUbihcen), 

Technical Chemlit, 

And JOCELYN FIELD THORPK, Pn.lJ- (Hefdklbero), 

Lecturer on Colouring Matter! In the Victoria I "nivenity of Mancheiler, 

Part I. Theoretical. Part II. Practical. Part til. Analytical. 

" We have nn hwlTiTlllW id ileii rLliing this treatlae ai one of tha moat, valnnMe hooka 

Hint lias appeared. . . . Will i_-iv.. nn impetus io t-hi? study "I Organic Ibeiniltri 

Companion Volume M Sttecht <.[■ Roman's "Dyeing. " In Large S«>. 

Handsome Cloth, Library fitylr.. ' ISs. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 



And W. F. LAYCUCK, Ph.D., F.C.S., 
LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, 8TRANB. 



Largo Svo. I'rofusel)* Illustrated w 
16s. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX. HEMP, JUTE. TOW, & RAMIE). 

A Practical Hanunl of the moil Modern Methods as applied to the HatMlia. Carting, 

Preparing, Spinning, and Tidsting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, ltelfast and Lille. 
ftENKr.iiL CustEStTs.— Long Vegeublo Fibres ot Commerce.— Rise sod Growth ol 
tin- >i], inning Industry Him l'il-n- .Muk.-I.-. l'urduum<< Have Material. -Mcrisi.- tuid 
Preliminary Operations. Haeliliii-.'. -Sortiiji; .—Preparing.— Tow Carding ami Mjiiiik.- 

TuW LllBltdliJ! ■ '■'ill -]i:^..i: . I In; l..iV!!U I I illliv. - I'ly and Detiil-E.J' .-iiiinnlog.— Wet 

H pinning,— Spinning Waste.— Yarn UteUm. M;!..-li nii.v. ..■ 'Du.tilIi. Twines, and 

CoMs^-Kope ILikiriH -Mi. M. ■ l,:u.i- i'l ln|.,iiMii.''.(.-M..|,.]ri Mill I ', .ustruetiun. 

Ittssn sod v. ■ ■ mmtttjen, 

"llwtt the requirements id the Mill Manager i>r Advanced Student in ,1 manner 
pcrliapi more than utlaf notary. . - . We must highly commend the work us ropro. 

beuliTig ujj.l-i-dale 'undue. ' Ad',.,. . 



In Large Seo, Handrome Cloth, with Humermu Illustrations, 9*. ntt. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM I, HANNAN, 

ec nror on S]) °J» ng « ( ( * e c J or; " ° setouee and Art School, Ac. ""' 
With Numerous Photo Engravings from Nature. 
■■ Dmnn, ItiromnTios. . . . Adhimdlb lutmiTion . . . The Information 



In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 

TEXTILE PRINTING: 

A PBACTICAL MANUAL. 

Including the Processes Used in the Printing of 

COTTON, WOOLLEN, SILK, and TTAT.I 

SILK FABRICS. 



General Contents. — Introduction. — The Machinery Used in Textile 
Printing.— Thick oners and Jlordants.— Tlio PriutitiK of Cotton Goods. — The 
"■ a Style.— Colours Produced Directly on the Fibre.— Dyed Styles.— 



Padding Style. — Resist and Discharge Styles. — The Prii-ting of Componi 
Colourings, Ac.— The Printing of Woollen Goods.— The Printing o* "' 
Goods.— Practical Recipes for Printing.— Useful Tables.— Patterns. 



'radical Id character."— Trstili S/rrtvrt: 

" Tai host raACnoat. iuidil ol tiitil 
id healtatlon la recommending It."— Tl; Ttr\ 
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64 CHARLES GRIFFIN * OO.S PUBLICATIONS. 

Large Svo. Handsome Cloth. 13b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

Br GEORGE DTJERB, 

DlrKlor of tlif SImcIi'dji, Bntah rinr! Printing Dunartnwnt Kt the Accrtnrion ul B*co» 
Technk'al S1I1..0!. ; i.'i.,.uihi. in, j i-,.|...iin.i. ,,i tlm Irwell Prtcl Work*. 

Assisted by WILLIAM TUKNBULL 



GENERAL CONTENTS, OOTTCSr. Composition- of; Blbachiso, New 
Processes; Puistino, HiiH.1 ■);)->, :k ; l''Li[-I'r..-.< Wnrt; Machine Printing— 
Moan ants tiTTLEa or Calkjo-Priktisu : Th..' hivi! i,r Mailil.T Style. Reioat 
Padded Style, DUclmge and Extract Style, Chromed or Raised Colon™, 
Insoluble Colour-, to, — Thiekmim* — Natural Organic Colouring Mutton 
— Tannin Matters — Oils, Soapf, Si.U.'nl.-; — u r -mic Acid*- Salts— Mineral 
Colours— Coal Tar Colours— Dyeing— Water, Softening of— Theory of Colour* 
— Weights and Measures, &c 



Second Edition. Revised and Enlarged. With Numerous 
Illustrations. 4*, 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Men. 



),...,:[ l-.,::;li.h Manual, (or the 1 
all. "-/>>«■ *«dC*lkfPri> 
. . ought 10 be in [| 
—Tixtilt Mmuty. 
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